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ABSTRACT

The study aims to determine the subsurface structure aad origin of
a tectonically active part of the Basin and Range province, which has
structural similarities to the ocean ridge system and to continental block-

fault structure such ss the Rift Valleys of East Africa. A variety uf

techniques was utilized, including seismic refraction, gravity measurements,
magnetic measurements, photogeologic mapping, strain analysis of existing

geodetic data, and elevation measurements on shorelines of ancient lakes.

Dixie Valley contains more than 10,000 feet of Cenozoic deposits and

is underlain by a complex fault trough concealed within the main graben.

The bounding faults, studied by side refractions, are markedly crooked in

strike and comparatively constant in dip. Dip-slip motion predominates.

The computed strain energy is comparable to the energy derived from the

magnitudes of the 1954 earthquakes. Ancient beach ridges record a maximum

14 feet of westward tilting in approximately the last 10,000 years; the
valley has been subsiding with little net tilting.
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I. INTRODUGTION

We chose to study this tectonically active part of the Ras. a1 Fange
province for two reasons. First, the origin and signifi.arce of blooyv-tanlr
depressions in the earth's crust is not fully understocd Lt _sy d-preseenn,
include the Rift Valleys of East Africa, the Cential Rift ot ib: <1i-Atlantic
Ridge and manry others. all of which have fundamental similaiiti-s w1't cach
other and with the grabens of the Basin and Range province. All #-r¢ famed
in response to jpreading, or pulling apart, of che shallow «at:x larrs ot
the earth, a process that contrasts withk, and mav be complenwutac: ¢,
compressional deformation idn folded and thrust faulted moemrtars Felrs. Second,
one of the spreading oceanic ridges, the East Paciiiic Kise. proicit> 1nio the
North American continent, where characteristjc features oif the Risy arz well
represented in the Basin-Range structures. On laad the opp 17 .a1ty 55 sapzrb
for exploring the detailed workings of this great structural =vatf:o,

The Basin and Range proviidce, characterized structaralis by horsts,
grabens and tilted blocks bounded by a pervasive system ¢t “2acz-tv actval
faults, lies mainlv between the Sierra Nevada on the west and tie Wasat-t
Mountains on the east The characteristic block faultis has a br =22t exteat,
however. Similar but more widely spaced faults cut the Col-rzde Plavean
Western Montana, eastern QOregon, westernmost {exas and a broad r-gice or
Mexico extending from the Gulf of California zastward reougtls 200 wiizs ace
structurally similar. The active crest of the East Pacific Rise 15 yen-cally
thought to coincide with the Gulf of Califormia. Not all ot rbhe repion ot
Cenozoic block fauiting is seismically active; a zon¢ in VMtah and the zon:
including Dixie Valley in western Nevada and «astern Calil.rara at. Lot iy
active,

Dixle Valley is unique in several ways. [t had larse garttqiswes with
surface faulting ia 1903 and 1954 (see Fig 1 on p 2 Pact 1: it - ataros
an enormous thickness of £ill for so narrow a vailey  Frs t.p | aphiio dicex
lies hundreds of fe=t below adjacent Carscn Sink. dammed ofi h: tt+ nairnw
Stillwater Range. Moreover. the evidence is clear that tie 194 fairiing
was only the last in a long series of similar events that protac 3 sot ooty
the relief of the present mountains and valley but a wrint 1116 1+ un

L veater magnitude.
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II. SCOPE AND METHODS

The Dixie Valley region is one of the most active parts of the Basin
and Range province, and the geometrical and temporal relations here are
critical in the larger picture of ridges and rifts; cheretore we have tried
to :explore these relations by every available means, including seismic,
gravity, magnetic, geomorphic and geodetic studies. The gravity work,
spors ‘red by the U. S. Geological Survey, was not completed in time to
includy here. Gravicty measurements first called attention to the great
depth. o £ill in Dixie Valley (Thompson, 1959), and the later gravity work
guided and verified the other geiphysical investigations. No measuremeunts
of heakt flow were included ‘in our study, but we hope that the new knowledge
of subsurface structure and geometry may make pogsible meaningful studies of
local variatious in heat flow. Our studies must be regarded as reconnaissance

in nature, because the Dixie Valley region is very large.

I1T. RELATION TO MAJOR STRUCTURES

A. East Pacific Rise

Vine (1966) presented dramatic new.evidence of rifting of oceanic
ridges and spreading of ocean floors at rates of 1 to 5 cm/yr. One of these
vidges, the East Pacific Rise (Fig.l), intersects the No-th American continent
and may extend iuto the Basin and Range province (Heezen, 1960; Menard, 1960:
Cook, 1966; Thompson, 1966}, although Wilson (1965) and Hamiltion and Myers
(1966) prefer differeat interpretations. The principal structural similarities
of the Basin .and Range province with the Rise include (1} thin crust, /2)
anomalous upper mantle, (3) volcanism and high heat flow, (4) shallow seismic
activity, and (5) block faulting. Most of these extend over a broader region
of western North America but the rift zone may be def ad simply as the region
of Cenozoic normal faults (Thompson, 1966); see Fig... According to Menard
(1964), ridges and troughs, presumably resulting from normal faulting, are
typical of the .crest of the Mid-Atlantic Ridge and the flanks of the East

Pacific Rise. Regardless of the exact course of the Rise in relation to the
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Fig.1l The East Pacific Rise, after Menard (1964).
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FROM GILLULY (1963)

Fig.2 Cenozoic normal faults of westarn United States,

from Gilluly (1963). The extent of normal faulting
best defines the rift system.
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continent and regardless of the complex shifting of the locus of activity
during Cenozoic time, a common mechanism of lateral spreading focuses
attention on the comparison of Basin and Range structure with the structure

of the Rise.

B. San Andreas System

Various relationships of the Basin and Range system with the San
Andraas fault system of Califdruia have been psostulated. The most impor:ant
similarity is a component of right lateral slip on several large faults in
the Basin and Range province. These faults, such as the Las Vegas shear zone
and the Walker Lane, treand northwestward subparallel with the San Andreas
system and the Sierran front Farther to the north and east, most of the
Basin-Range faults trend more northerly, though the treads are quite variable,
and large strike-slip offsets have not been demonstrated; dip slip is evident
on many faults. In the 1954 faulting of the Dixie Valley area a component of
right lateral slip was clearly evident to the south near Fairview Peak, and
geodetic data indicate right lateral displacement in additior to dip slip in
southern Dixie Valley. One of our major objectives was to assess the long
term strike slip, if any, by geophysical measurements. 7

To the writer it appears that average directions of principal strains
across the whole region including the San Andreas system and the Basin Ranges
may be nearly coastant, with the maximum principal extensicn oriented in the
northwest quadrant and tha other principal strain in the northeast .quadrant.
Near the San Ancreas system, however, the principal compression is greater
than the principal extension t(demonstrated by folding and thrust faulting),
whereas in the Basin Ranges the extension greatly exceeas the compression. In
any such system all faults will have a component of strike-slip movement
except those that are exactly parallel to a principal strain direction. 1In
this view it is the average strains that are fundamental; secondarily the
orientation of individual faults with respect Zc the strains determires slip
directions on the fau’ts. There can be little question that the strain in
the vicinity of the San Andreas system is basically different from that in
the Basin Ranges; one involves contraction of suxface area, *he other expans-

ion of surface area.




IV. PRINCIPAL FINDINGS

A. Gravity

Although the gravity measurements are not included in the present
report a brief statement may be useful. First, the gravity data accord well
with the seismic refraction data_, outlining the deep coucealed trough beneath
Dixie Valley and giving approximate depths to bedrock  Second, unexpectedly
the gravicy data indicate large structural basins extending into the mountain
blocks. The best example is in the Clan Alpine Range at Horse Creek (Fig.2
on p.6, Part I). These basins, now completely filled with Cenozoic volcanic
and sedimentary rocks, are, unlike the main valley, not reflected in topo-
graphy. Hence they record a phase of Cenozoic strxuctural deformation earlier
than the present topography and the youanger valley fill. The rocks that fill
these basins probably are correlative with the deeper, higher velocity fill
in Dixie Valley Thus a picture emerges of shifting stractural deformation
over a considerable period of {esnozoic time but persistent sinking of the

bedrock floor of Dixie Valley.

B. [Inrer Graben

A complex concealed inner graben was discoverad and outlined in
considerable dstail by Meister's refraction seisnic experiments. (See, for
example, Fig.10 oa p 35, Part 1, and generalizad section Fig.5 on p.22,
Part IV). In the dezpast pzrt the graben contains more than 10,000 £t of
Cenozoic deposits althouzh it is only 5 mi wide. The csymmetrical topo-
graphic form of Dixie Valley is explained partly by the leccation ol the inner
trough near the west side of the valley (see Smith’s intsrprctation of
magnetic measurements, Fig.4 on p 16, Part IIL, rather than by block tilting
alone. The nested "graben in graben'" structure is lucidly represented in
Fig.6 of Burke {p 23, part IV), who demonstrated that thz bedrock faults
usually remain intermittently active and can be detec-ed as faint traces on

the alluvial surface (Placte I, in pocket, Part IV).
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C. Strike Slip

The question of large scale strike-slip faulting in Dixie Valley was
raised by the 1954 faulting and by geodetic indications of a component of
strike slip (Whitten, 1957). Smith (Part III) found that the magnetic
gradients along the boundaries of a gabbro body could be traced across the
valley. Their offset, if any, is in a right lateral sense and amounts to
less than 2 mi (3 km) (Fig.l on p.6 and Fig.3 on p.13, Part III).

Both Herring and Meister succeeded in obtaining side refractions from
fault surfaces to depths of over 3000 ft (Fig.16 on p.46 and Fig.2l on p.66,
Part I; Fig.l0 on p.26, Part I1). They thus determined the subsurface strike
and dip of faults. Sharp bends in the strike of as much as 90° persist at
depth and preclude large scale strike slip on these faults. Dip slip is

predominant,

D. Transform Faults

The sharp bends in strike of faults noted in the preceding section
may be compared with what Wilson (1965) on a large scale called transform
faults. Sykes (1967) showed from seismic first-motion solutions that the
displacements are consistent with Wilson's theory: dip-slip fauiting along
the crests of oceanic ridges and strike-slip faulting on the transverse zones
(Fig.3). In a few places on the west side of Dixie Valley a strike-slip
component of displacement is shown by inclined grooves on fault surfaces in
hard rock. Both left-lateral and right-lateral components are evident on
the appropriate segments of crooked faults. The writer has observed similar
evidence on Basin-Range faults in west Texas (Yates and Thompson, 1959) and
on the bounding faults of the Oslo graben in Norway {unpublished). Crooked
faults with local strike-slip components of movement in both senses are

probably very common or even characteristic of normal fault structures.

E. Dip and Depth of Intersection of Faults

Herring found from side refractions that the step faults on the west
side of Dixie Valley dip 55 to 70° near Mud Springs (Fig.10 om p.26, Part II).
Farther north Meister found dips of 35°% and 45° based on a single-fault
interpretation (Fig.l6 on p.46, Part I); if step faults are assumed they would

be steeper. The geophysical measurements are therefore consistent with
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Fig.3 Diagrammatic representation of transform fault,
showing identity with crooked normal fault.
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outcrop evidence that the faults in bedrock dip about 60°. No evidence of
flattening with depth can be discerned within the attainable precision of
the seismic work.

The outer bounding faults of Dixie Valley intersect at a depth of
about 11 mi (17 km) if a dip of 60° is maintained, and the inner graben
faults intersect at 7 mi (11 km) or less (Fig.5 on p.22, Part IV). Accord-
ing to various alternative hypotheses the rocks deeper than 11 mi (less if
the faults flatten) imay be yielding more by ductile creep, or they may be
spread apart by dike swarms, or the shallower rocks may be sliding on sub-
horizontal surfaces. Either ductile spreading or dike spreading involve
deep seated deformation, whereas horizontal sliding is superficial.

Evison (1960), Moore (1960) and Hamilton and Myers (1966) are among those
who have postulated superficial deformation. The present writer (Thompson,
1966) favors deeper seated deformation comparable to that envisioned for
ocean ridges (Hess, 1965). Critical geophysical tests for possible dike
intrusions, particularly by heat flow and magnetic measurements, need to be
carried out.

I

Strain and Scrain Energy

Geodetic observations before and after the 1954 faulting. converted
to surface strain patterns (Fig.3 on p.9, Part V), show a predominant NW-SE
extension across tne faults and parallel contraction in adjacent areas. The
strain changes thus indicate slow elastic stretching of the area in a NW-SE
direction prior to the earthquakes and elastic rebound at the time of the
earthquakes. The strain pattern also shows that the horizontal component of
displacement perpendicular to the strike (the fault heave) on the average
exceeds the strike-slip component; hence the dip-slip component on the 1954
faults, which dip about 60°, must be more than twice the strine-slip component.

If the thickness of strained crust is assumed, the changes in elevation
can also be utilized and the volumetric dilatation computed (Fig.4 on p.10,
Part V). With additional assumptions of elastic constants the strain energy
is computed and found to be comparable to the energy derived from earthquake
magnitudes. The gravitaticnal potential energy of subsidence is greater than 7
the total elastic energy, however; possibly it was not efficiently converted

into seismic energy and was partly dissipated as a minor uplift (Poisson
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bulge) in a broad region.

Although it is not possible to determine accurately the strains prior
to the first geodetic surveys, Burke's mapping of the beach ridges of ancient
Dixie Lake supplies a measure of tilting and offset in approximately the
last 10,000 years. (Plate 2, in pocket, and Fig 2 on p.l6, Part IV). A
maximum of 14 ft of westward tilt was observed near the southern end of the
former lake and 8 ft near the ncrthern end. These values are no greater
than longjitudinal variations in elevation. It is suggested that the basin

has been subsiding with little net tilting.

G. General

To extend the findings in Dixie Valley, Herring carried out seismic
refraction work and Salehi made an aeromagnetic study of Smith Creek Valley,
and Wood made seismic refraction studies of Fourmile Flat. (For location
map see Fig.l on p.2, Part I). Maximum depths to basement measured in Smith
Creek Valiey range from 6500 to 8000 £t, and concealed faults like those in
Dixie Valley were discovered (see for example Fig.3 on p.7, Part VI).

Salehi discovered strong magnetic anomalies in the western part of Smith Creek
Valley, one of which evidently results from a reversely magnetized body

(Fig.2 on p.7, Part VII). Whether some of the anomalies are caused by
Cenozoic igneous rocks rather than pre-Cenozoic basement remains a problem.

At Fourmile Flat, Wood found units within the fill comparable to those
in Dixie Valley. Basement, found at a maximum depth of 3500 ft., is over-
lain by a wedging unit of volcanic rocks or consolidated sediments (Fig.2

on p.3, Part VIII).
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ABSTRACT

Seismic refraction studies of Dixie Valley, Nevada, have revealed
a buried complex of normal faults which form a long subsurface trough with
a '"'graben in graben'" structure. The inner graben, situated beneath the
west side of the valley floor, narrows to five miles and contains an
accumulation of sedimentary and volcanic deposits of Cenozoic age which
reach a maximum thickness of 10,500 ft., The depth to bedrock in the outer

graben along both sides of the narrow depression ranges from 1000 to 5000

. ft. This basin structure indicates that Dixie Valley subsided along a

complex system of step faults rather than along single boundary faults.
Velocities ranging from 5000 to 8000 ft/sec are associated with uncon-
solidated to semi-consolidated clastic sediments of Pleistocene and Recent
age. A seismic velocity boundary belov which the velocity increases to an
‘averége of 10,000 ft/sec is characteristic of the entire Dixie Valley

region; this higher velocity is correlated with volcanic rocks in the upper
part of the Miocene to Pleistocene section that partly caps the Stillwater
Range to the west., This boundary is found at depths ranging from 300 ft in
the outer graben to 3500 ft in the inner grabea. An average: basement
velocity of 16,000 ft/sec measured in the southern part of the valley is
associated with limestones, slates and metavolcanic rocks exposed in the
adjacent mountains, and with the granitic rocke that intruded this

Mesozoic section. Farther north, velocities as high as 20,700 ft/sec are
characteristic of grabbroic rocks included in ¢ Jurassic complex that is
exposed in the northern parts of the Stillwater and Clan Alpine ranges.

A special study was made of side refractions in a reversed profile parallel
to the outcropping fault zone bounding the Stillwater Range west of Humboldt
Salt Marsh. The study shows that this fault zone dips 45° to the east, and
its sharp changes in strike are congerved to a depth of at least 2500 ft.

The geometric constraints of the fault pattern argue against large scale
strike-slip fauliting in Dixie Valley, aud other geophysical evidence supports
an interpretation of primarily dip-slip displacements. The average displace-
ment rate during the life of the basin ic on the order of one ft per thousand

years.

=34~
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1 I. ZINTRODUCTION
A !
! 1 A. Introduction and Purpose

LIRS

The Basin and Range Province of the western United States may be

viewed ag part of the worldwide rift system which lies mainly along vcean

ridges (Menard, 1964). Deep seismic exploration in the western United

States has revealed that the earth's crust is unexpectedly thin and the
A upper mantle velocity is anomalcusly low (Pakiser and Steinhart, 1964).
s

This unusual property, associated with others such as regional Cenozoic
!

volcanism and Lkigh heat flow, match the characteristics of the ocean

ridges. Gravity measurements in the same area show that the Basin and

Range Province is in regional isostitic balance and that great thicknesses

of Cenozolic sediments fill the basins (Thompson, 1959).

: However, little is known of the internal structure and rates of

deformation of these deeply alluviated basins. Seismic exploration, com-

bined with aeromagnetic and gravity surveys, has been needed to establish

the detailed internal structurz of a typical rift valley. Measurements of

the depth and attitude of the deeply buried surface of pre-Tertiary rocks
: and of the layers within the valley £fill may in turn reveal the pattern of

' faulting and the history of subsidence which can be related to the surround-
1
ing geologic features.

The conclusions of such a study may be helpful in
understanding the rifting mechanisms in the African rifts, the Oslo and

siarua o i 'l

E Rhine grabens, and the oceanic rift zones.

g Dixie Valley, which is located in west central Nevada, was chosen
. for this study because it lies along the most active seismic belt in the
8 Basin and Range Province.

Large earthquakes accompanied by disgplacements of

‘the ground surface occurred in 1903, 1915, and 1954. The epicenters of

these shocks and the historical faults are shown in Figure 1 (Slemmous, 1957).

The strike-slip component of the 1954 faults is often invoked in recent

TR R

literature as evidence of strike-slip fault control of Basin-Range structure.

(Shawe, 1965). The detailed study of the geometry of the western side of

Dixie Valley presented in this report has a strong bearing on this theory.
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Moreover, the seismic volocities measured during this study will be useful
g for velocity calibration of microearthquake monitoring stations which are

operating in the area (Ryall, oral comnunication, 1966).

" B. Previous Work

Earlier published work in the Dixie Valley-Carson Sink region has
been primarily of a geologic:nature, the subsurface studies being limited
to hydrologic investigation from shallow well data (Cohen et al., 1963).
The stratigraphy and structure of the extreme north end of the project area
have been discussed by Muller and others (1951). Most useful to the present
project has been the recent mapping of the Stillwater Range and parts of
) the West Humboldt and Clan Alpine Ranges by Page (1965) and Speed (1963).

Geophysical work in and near the area under study consists of a
reconnaigsance gravity survey along U. S. Highway 50 between Hazen and
Austin and across the Stillwater Range west of Dixie Settlement (Thompson,
1959), .a recent gravity survey of the Cargon Sink-West Humboldt region
(Wahl, 1965), and a complete geological-~geophysical investigation of the
Sand fiprings Range-Fairview Valley-Fourmile Flat area to the south of the
present project (University of Nevada, 1962).

To supplement the present seismic work, an aeromagnetic survey of
the Dixie Valley-Carson Sink area (Smith, 1965) and a study of side refrac-
tions at Mud Springs (Herring, 1966) were made., An extensive gravity sur-

vey of the Dixie Valley-Fairview Valley area is in progress (Thompson, 1966).

poae A N o BRI D

C. Pileld Work

IV

The seismic refraction survey of Dixie Valley was undertaken duxing
the summers of 1964 and 1965. Because of the lack of zccess roads, it was
generally impossible to select locations which would yicld the most nearly

ideal information for the seismic profiles. The geometric requirement of

a2 a1 | 3 1S TICES IS

extending each profile to obtain reverged apparent velocities was not
pnssible in the sast-west direction because of the narrow width of the
valley. North of Dixie Settlement, tha central part of the basin was inac-

3 cessible Lecause the sticky-wet gurfuce near and on the Humboldt Salt Marsh

would not support vehicles. Counsequently most of the geismic lines were
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located along both sides of the valley far enough from the mountain fronts
to avoid side refraction.

During the 1965 field season numerous cloudbursts inundated the
central part of the valley, washing out most of the roads and creating
gerious delays in the field work.

It was possible to shoot large explosive charges in the air because

the population is sparse throughout the project area.
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II. 'GECLOGIC SETTING

A. Physiography

The Dixie Valley area displays typical physiographic features of
the Basin and Range Province i.e., alongated north to northeast-trending
mountain ranges separated by narrow valleys. The ranges bordering Dixie
Valley~-the Stillwater to the west and Clan Alpine to the east--are
deeply dissected, complex fault-block mountains rising as much as 5,000
ft above neighboring valleys (Fig. 2). The mountains are generally
bounded by steeply-dipping north to northeast-trending normal faults.

The mountain ranges in the project area are flanked by broad
alluvial fans which slope gently toward the valley floor, the lowest area
of which is occupied by the Humboldt Salt Marsh. The generalized geologi-
cal map shown in Figure 2 outlines the structural elements of the area.
Most of the information used ia the following description was taken from
the geologic map of part of the Stillwater Range published by Page (1965).

B. Major Rock Units

1. Triassic Rocks: The most important rock unit in the central
map area is a large cxpanse of gray-black slate and phyllite. Slaty
cleavage throughout this unit generally parallels bedding except near
axial parts of folds where it approaches the axial plane. For the most
part, only incipient recrystallization is evident; however, near granitic
contacts, andalusite hag been observed (Page, 1965).

Complex deformat:ion of the unit prohibits direct measurement of the
slate-phyllite~limeston¢ sequence, but Page estimates its thickness as 5000
to 10,000 ft, of which only about 10% is metaquartzite and limestone.

Fossil identification has placed the age of this unit as lLate
Triassic.

A large body of allochthonous black to gray Upper Triassic limestone
is .present in the southern part of the project area. Fossil evidence indi-
cates this unit is of the same age as the Upper Triassic slate upon which
it rests, implying significant lateral transport of rocks formed i a differ-

ent sedimentary environment. Triagsic limestone is also present in the
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northern part of the Stillwater Range a few miles north of Boyer Ranch in
thrust contact with the Triassic slates, the slatees form.ng the upper
plate and the limestones the lower oue (Speed, written communication, 1966).

2, Jurassic Rocks: Bordering the Triassic limestone to the west
in the southern end of the Stillwater Range is a sequence of altered an'
locally schistose metavolcanic rocks. They consist mainly of the fine-
grained slaty andesitic tuffs, breccias, thin andesitic flows, quartzite,
and calcareous sandstones. The volcanics are..almost completely altered, but
display certain relict textures. The sedimentary rocks are better preserved
and unfossiliferous. This unit is in excess of 5000 £t thick, rests uncon-
formably upon the allochthonous Triassic limestone and is thought to have
been transported in as part of the La Plata thrust sheet (Page, 1965).

Of great importance to the present seismic study iz the Humboldt
Gabbroic Complex which covers large areas in the northern part of the
‘Stillwater, Clan Alpine, and West Humboldt Ranges. One part of this unit is
-composed of extensive basalt flows, lapilli tuffs, and breccias. Alteration
is common, epidote and chlorite imparting a distinct green color. Normally
associzted with the Upper Jurassic gabbroic intrusions, these rocks are
quite possibly contemporaneous with and may represent an extrusive equivalent
of the gabbro.

The intrusive rocks of the gabbroic complex are represented by a
large, seemingly tabular complex of gabbroic and dioritic intrusions. These
rocks form an igneous unit which includes hornblende gabbro, diorite,
anorthosite, keratophyre, and gabbroic pegmatite. Distinct layering is evi-
dent in the earlier parts of the suite along intrusive margins. This unit
has been carefully studied by Speed who considers it to have been emplaced at
very shallow depths, in places penetrating to the surface and forming the
extrusive basalts discussed earlier, A potagsium-argon date from the West
Humboldt Range indicates an age of about 14C million years, placing it chrono-
logically in Late Jurassic time. Profound alteration including albitization
and dolomitization is common in this unit, The gabbroic complex was mapped
as two distinct units in Figure 2: the extrusive zocks as basalt flows,
tuffs, and breccias, and the intrusive rocks as gabdbroic and dioritic

intrusives.
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3. Tertiary and Mesozwic Rocks: 1In the area of the Stillwater
Range near Mud Springs and to the south, blue-gray weathered latite is
abundant. Some of the latite shows fine flow layering. Rhyolitic tuffs
and latite breccias are locally present with the flows. Exposed sections
of the unit show a thickness of 2000 to 6000 ft, Neax intrusive contacts
with Olisocene or Lower Miocene granite, recrystallization and darkening
are commor:,

Ficiher south, much of the exposed rock consists of devitrified
welded tufr whose composition probably ranges from latite through silica-
rich rhyolite. Curiously resembling porphyries, these gray to brown
weathered rocks are extremely competent. Megascopically, only the pre-

sence of angular lithic fragments of Triassic slate, latite, and other

‘volcanics attests to the pyroclastic origin of the unit, This entlre

gequence, varying in thickness from 2000 ft to possibly 10,000 ft, rests
unconformahly on Upper Triassic slate and limestone and on Jurassic meta-
volcanics. Along the east side of the Stillwater Range, the devitrified
tuff has been intruded by Mic.ene or Oligocene granitic rocks and white
felsite dikes.

A third unit of extrusive and intrusive rocks is grouped under the
same heading. The intrusive rocks of this group are represented by basaltic
andesites that invade the devitrified welded tuff and older formations near
the center of the Stillwater Range. Extrusives of similar composition
totaling about 8000 ft in thickness are exposed west of IXL Canyon. The
latter three groups of rocks are mapped as a latite-rhyolite-basalt unit
(F&g. 2).

Scattered plutons of Late Cretaceous or Tertiary granite, quartz
monzonita, and granodiorite are exposed near the center of the map area.

The latter two intrude latite and devitrif:ed tuff near Job Peak, wheres they
form a composite unit consisting of several successive intrusions. A
potassium-argon date on biotite from the granodiorite in IXL Canyon indicates
an age of about 28 million years. These rocks are mapped as granitic
intrusives in Figure 2.

v
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4. Rocks Youngec than the Granitic Plutons: Capping much of the
Stillwatasr Range is a sequence of post-granitic Miocene (?) volcanics
including tuffs, breccias, and flows which vary in composition from latites
through dacites and rhyolites. 1Intensive local alteration is commen,
although the silicic members retain fresh bilotite and glass. Dissection
has exposed only 1800 ft; however, total thicknesses may be on cthe owvder of
3000 to 4000 ft. These rocks are grouped under the heading: Tuffs and
Flows of Rhyolite, Dacite. In other parts of the area, rocks belonging to
this unit are included within the undifferentiated pre-Lzhontan sedimeats
and volcanics (Fig. 2).

Pliocenre (?) sediments and tuffs cover a minor part of the mep area;
they are prevalent only in the southern Stillwater Range, where a sequence
, of 1500 ft is exposed in dissected pediment slopes and low hills., Of
lacustrine and fluvial origin and locally including ash beds, this unit is
probably equivaient to the Truckee Formation farther to the west.

In places overlying tlie Pliocene (?) sediments and other earlier
units along the length .of the Stillwater Range are flows of olivine. basalt,
and basaltic andesite. Individual flows vary in thickness from 20 to 100 ft,
although+locally aggregate thicknesses of 1600 ft have been noted.

5. late Cenozoic Lake Sediments: The late Cenozoic valleys of the
Basin-Range Province contain grecat thicknesses of eésentially unconsolidated
lake and stream sediments. These range in age from Plio-Pleistocene to
Recent and include alluvial fan detritus, stream channel deposits, and
lacustrine sediments. The latter consist for the most part of silt and

clay, although shoreline deposits of gravel and sand exist locally.

C. Major Fauiting of the Stillwater Raange

1. Thrust Faults: An apparent structural base of the Triassic slate
is exposed in the central part of the Stillwater Range. There, a shale
member of the slate rests discordantly on quartzite, and a distinct zone of
brecclated shale defines the contact. South of Cox Canyon, the quartzite
overrides Jurassic (?7) metavolcanics which in turn are thrust upon an undated
limestone, Apparently, these units form a section of an imbricate thrust
zcne. Page (1965) suggests that this zone may underlie 3.1 glates of the
Stillwater Range.
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North of Dixie Meadows, another thrust fault structurally higher
than the previous zone is apparent., It is well exposed in Cottonwood
Canyon near Boy2r Ranch where quartzite of unknown age and Late Jurassic
gabbroic rocks have overridden Upper Triassic slate. Speed and Page (1964)
have suggested that the shallow intrusion of the molten gabbroic complex
may have propelled the thrust sheet. The gabbroic rocks of the upper
plate extend across the entire northern end of the region, covering an
area of about 500 square miles. The Late Jurassic date of the gabbroic
rocks implies z similar age for the thrusting.

2. Cenozoic Faulting: Typical of late Basin-Range structure,
the Stillwater Range is essentially an uplifted horst of narrow, elongate,
north-trending blocks separated by Cenozoic normal faults. Deformation of
the Plio-Pleistocene basalts attests that some tilting accompanied block
faulting, but these tilted flows rarely dip more than 12°. 1In some cases,
normal faults interior to the range become the bordering fault where they

extend to the range margins.
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III, SEISMIC REFRACTION INVESTIGATION RELATING TO HYDROLOGY

The superficial sedimentary materials in Dixie Valley range from
the poorly sorted debris of the high alluvial fans to the silts and clays
of the Humboldt Salt Marsh; therefore, it is logical to expect large
lateral variations in seigmic velocity of the shallow, low-velocity zone,
The thickness of this uppermost layer, which lies above the water table,
was determined from the shallow well data in the central part of the
valley (Cohen and Everett, 1963), but had to be investigated by seismic
refraction on the alluvial fans. A detailed study of the velocity distri-
bution in the near surface material was made on the alluvial fan west of

Dixie Settlement and on most of the refraction profile sites.

A, Instrumentation and Pield Procedure

A GT-2 Interval Timer built by the Geo Space Electrodynamic
Corporation was used for this shallow refraction investigation. The
instrument is carried in a suitcase and records on Polaroid film., The
recording time is limited to 0.4 second. We used six channels; the geo-
phones were fixed on a line at 50-ft intervals. This enables us to use a
maximum gpread length of 250 ft. The largest offset of the shot point
with respect to the spread was 500 ft. Small charges ranging from 1/4 to
1 1b of 407 dynamite were used as sources of seismic energy. The charges

were placed at a depcth of one foot.

B. Interpretation of the Measurements and Conclusions

A total of 25 seismic profiles were recordad with the GT-2 Interval
Timer. Six of these seismic lines were reversed., All data related to
this investigatior are summarized in Table 1. All apparent velocities
that cannot be associated with reversed data are assumed to be true
velocities and are used as such in the interpretation.

The first linear segments of the travel-time curves of eight of the
long refraction lines recorded with the SIE seismic system (Chapter VII)
represent velocities lower than 4500 ft/sec. Thesge velocities are listed

in the Vo column of Table 2.
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The voo and VO velocity layers form the 'weathered" zone above the
Vl velocity layer which was associeted with the water table. The reversed

velocity which corresponds to V1 is listed in the Vi column (Table 1).

Hl is the depth of the recorded refractor V1 and was computed from
the observed velocities by the conventional intercept-time method. 1In
general a two-layer interpretation was made. Along two profiles, three
different velocities were observed and an intermediate depth Ho to the
top of the second layer was computed.

When the velocity Voo of the upper layer was not observed, a
velocity listed in the Voo column was assumed. Each of these assumed
velocities is shown in parentheses in Table 1. A three-layer interpreta-
tion was then made, which yielded a depth HV to the top of the V
layer (Table 1).

1 velocity

If the intermediate velocity Vo was not observed, its presence was
assumed as a blind zone and another depth HB was computed to the upper
boundary of the V1 velocity zone. The assumed velocity in parentheses in
column Vo and the nomograms of Hawkins and Maggs (1961) were used for the
interpretation. The nomograms yield, in terms of the calculated depth Hl’
the thickness of the blind zone and the depth Ho to the top of the blind
zone. Comparison of Hl, HV’ and HB shows the range of uncertainty in the
determination of the depth of the V1 velocity layer.

The velocities in column Voo range from 1000 to 1300 ft/sec; they
are associated with the aerated sands and gravels which form the surface
of the ground. The thickness of this surface layer varies from a few feet
in the central part of the valley to about twenty feet on the high alluvial
fans. For IXL-5 profile, an abnormally high thickness of 47 ft was found
indicating that large lateral variations in thickness of the surface layer

exist within the alluvial fans.

V_ includes velocities ranging from 1700 to 3300 ft/sec. Thig
intermediate layer is probably composed of the same material as the super-
ficial layer but may be more consolidated. It is well developed on the

alluvial fans.
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TABLE 2
SEISMIC DATA RELATED TO THE STUDY OF THE WATER TABLE

PROFILE LOCATION ELEVATION (ft) Vc(ft/sec) Vl(ft/sec) Hl(ft)
8 HORSE CREEK 4400 2000 4600 40
9 PIROUETTE MOUNTAIN 3870 2000 4500 100
12 SEVEN DEVILS 3500 2500 5700 79
13 BOYER RANCH 3435 2000 5400 18
14 HYDER SPRINGS 3600 3000 6000 150
3 IXL CANYON 3850 2500 5000 130
Al0 NW OF SALT MARSH 3750 2300 5000 100
E51 IXL CANYON STUDY 4010 2350 5000 150
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The velocities in column Vl, ranging from 4000 to 7150 ft/sec, are
related to unconsolidated, water-saturated sediments. The top of this
velocily layer is correlated with the water tabie; thersfore Hl’ HB’ and Hv
can be considered as depths to the water table at the profile location,
As the compositiun of the clastic deposits below the water table way vary
from clays and silts in the central part of the valley to gravel and sands
on the alluvial fans, a wide range of velocities can be expected for the
V1 layer.

Along three profiles, velocities higher than 6000 ft/sec were
measured. These velocities probably represent horizons below the water
table which are partially cemented. The water table was a blind zone and
could not be observed. Three refraction lires were shot close to water
wells. The depths computed from seismic data agree within 10% with the
depths to the water table measured in these wells (Table 1).

Figure 3 shows the locations of the profiles and the depths Hl, HB
or Hv to the water table determined by seismic refraction.

An E-W cross-section of the alluvial fan in front of IXL Canyon
shows very clearly the near-parallelism of the surface of the ground and
the water table (Fig. 4). The attitude of the water table was deduced
from 9 N-S refraction profiles shot along this cross-section.

In conclusion, it should be noted that the GT-2 Interval Timer
proved to be very efficient for such a seismic investigation because it
permitted the rapid collection of a large amount of information on the

general attitude of the water table in Dixie Valley.
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IV. FIELD PROCEDURE FOR DEEP SEI ¥~ REFRACTION STUDY

A, Instrumentation

Four of the fourteen seismic efraction profiles recorded in Dixie
Valley, were set up in an east-west directicn, transverse to the topo-
graphic outline of the valley, and the cthers in a nurtheast direction
(Fig. 2).

During the gummer of 1964 two recording units were used. One was

*a six-channel 7000 B seismic system manufactured by Texas Instruments, Inc.
with 4.5 cps geophones frcm Hall Sears, Inc. This unit was loaned by
L. C. Pakiser of the U, S. Geological Survey. The spread used with this
unit was 8200 ft long. The second unit consisted of twelve-channel ampli-
fiers made by Southwegtern Industrisl Electronics (Model GA-33D) and geo-
phones having a natural frequency of 4.5 cps from Hall Sears, Inc. This
SIE recording unit was used with 2200 to 4600 ft spreads.

The recording instrumentation used during the 1965 field season con-
sisted of a 24-channel ampiified unit (Model GA-33D) made by the Southwestern
Industrial Electronics Company and a 4600-ft spread composed of 24 geophones
having a natural frequency of one or two cps from Hall Sears, Inc.

The latter recording setup proved to be the most efficient for our
reconnaissance survey.

Radio transcievers manufactured by the General Radio-Telephone
Company (Model VS-4) were used for communication and transmission of the
shot instant. Shot times were estimated to have an accuracy of + 0.002 sec
for close shots and + 0.005 sec for distant shots.

B. Seismic Energy Sources

Two types of explosive were uged during the fieid work: Giant
Petrogel (607% gelatin dynamite) in 1964 and Nitramon $-EL manufactured by
Dupont de Nemours and Co. in 1965.

In order to get the maximum possible information in areas where drill-
ing conditions were poor, shots in hot springs and in the air were used as

means of converting energy to seismic waves. Shot holes drilled by hand or
dug with shovels were not efficient.
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Twenty-one shot holes were drilled with a rotary drill in the central
part of the valley where the water table was near the surface, The drilling
was easy but the use of drilling mud was necessary to prevent cave-ins,
These shot holes, from 25 to 1C0 ft deep, provided excellent energy coupling
and were used as many ac three times. They were located at both ends of the
longest profiles where suspended shots would have 2 poor shot efficiency.
Charges up to 130 1bs were required for these distant shots. Those shots in
hot springs were fired under 5 to 30 ft of water and had a good energy
coupling.

An attempt was made ouring the first field season to obtain informa-
tion on the attitude of the bedrock under the high alluvial fans near the
mountain fronts. Shots were fired in 20-ft holes drilled in bedrock and
recorded in the valley at distances of 2000 to 15,000 ft. The efficiency of
these shots was very poor.

Since it is impossible to obtain a satisfactory shot hole in the
poorly sorted debris and large boulders of the high and low alluvial fans,
air ghooting, a technique adopted by Buffet and Layat (1960) for refraction
work in the Sahara, was used extensively. Buffet uad Layat studied the
influence of different parameters on the shot efficiency for small (less
than 50 “"ba) suspended charges. Their conclusions were extended to toia
charges as high as 180 1lbg, and the following shot pattern was adopted: an
individual charge of 20 1bs was fixed on a wood lath at the top of a 7-ft
high steel posc. For large shots, the 20-1b charges were positioned approxi-
mately 50 ft from each other in triangular or hexagonal patterns, similar to
those usad by T. C. Poulter (1950).

4ir shooting was &1so successfully used in the central part of the
valley at all shot points whose distances from the spread were less than
14,000 ft, and on the west side of the Humboldt Salt Marsh where the ground
surface could not support drilling equipment. In the latter area, good first
breaks from air shota with offset distances as great as 29,000 ft from both
sides of the spread were recorded. Figure 5 shows how the total charge size
of air shots was increased as the shot point was moved away from the end of
the spread.

Energs coupling was better on the salt marsh, where the water table was
near the surface, than on the high alluvial fans. This observation may be

sp- ’‘ic to the areca under consideration, sinca Buffet and Layat (196C)
observed the opposite in the Sahara.
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V. SEISMIC RELECTION RESULTS

At the beginning of the 1964 field season an evaluation of the
reflection technique was attempted in an area three miles east of the west
end of profile 4 (Fig. 9), where the water table was shallow and the base-
ment was expected to be deep. Ten-foot holes were drilled with a hand
auger and small charges were used. The recording instrument was the 12-
channel SIE seismic system with 35 cps geophones.

The only good and consistent events cbserved arrived at about
0.680 sec. This reflection corresponds to a horizon 2200 ft deep associ-
ated with the shallowest volcanic flow of the upper part of the Miocene to
Pleistocene section. The fact that this horizon is situated at about the
same depth as the 10,000 ft/sec velocity zone of profile 4, may confirm the
assumption made later .n this study that the apparent velocity of 13,000
ft/sec obser ed in thig area by refraction is due to an east sloping 10,000
ft/sec velocity zone.

A combination of refiection and refraction techniques was also tried
during the 1964 fieid season. Each time a shot was fired in one of the six
50-ft shot holes drilled in the center of the valley; two units ware recording.
The 12-channecl SIE seismic system, set up near the shot point, recorded possi-
ble reflections from horizons deeper than the volcanic fiows; the 6-channel
7000 B seismic system, located some distance away from the shot point,
recorded energy refracted fron some horizon inside the sedimentary section.
Charges as heavy 2s 50 lbs were fired, but no coherent event which could be
correlated with 8 bedroch reflection was recognized.

1t is concluded that larger charges of explosives in deeper holes or
complicated patterns of suspended shots are needed in order tc by-pass the

volcanic flows and record reflections from the basement.
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VI, REDUCTION OF DATA AND INTERPRETATION

The method of refraction profiling which proved to be efficient for
previous reconnaissances of basin structures (Pakiser, Press, and Kane,
1960; Kane and Pakiser, 1961; Pakiser and Kane, 1963; Kovach, Allen, and
Press, 1962; Zbur, 1963; Healy and Press, 1964) was used. The geophone
spread was held fixed and the shot points were moved away from both ends
of the spread to distances as great as 30,000 ft.

The seismic velocity layering beneath the geophone spread was deter-
mined with this technique by applying the usual assumptions pertinent to
seismic refraction computsations. In order to extend this information along
the entire profile the following additional assumption was made: when the
same apparent velocity of first arrivals across the spread came from two
successive shots situated on the same side of the spread, it was agsumed
that the seismic energy was refracted from the same interface below the
spread. As the Miocene to Pleistocene section is composed of numerous
volcanic flows interbedded in non-marine sediments such a hypothesis may be
unlikely and furthermore numerous small velocity reversals may be present.
Nevertheless it is the only way one can obtain additional control on the
depths and attitudes of the different velocity layers between the spread
and the different shot points.

The apparent velocities observed from shots lying on one side of the
spread were associated with reversed apparent velocities obtained from
shots fired on the other side of the spread to give a true velocity section
beneath the spread. When & new velocity zone was observed a corresponding
average depth was computed by the conventional intercept time method
(Nettleton, 1940). This depth was assigned to the part of the profile between
the spread and the shot point and is called the normal depth.

1f the same apparent velocity was observed from a more distance shot-
ooint the geophone delay time corresponding to the normal depth previousiy
determined was subtracted from the new jintercept time to yield a shot point
delay time. For conversion of this last delay time into depth, the velocity
layering above the refractor at the shot point had to be known. The velocity
layering under the spread was assumed to be continuous under the entire pro-
file, unless additional information on the shot point area was available from

another profile.
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The position and depth of the refractor corresponding to a given
delay time is represented on each seismic cross-section by a short l.ne
without continuity, since the information is valid only at this point. All
dashed lines on the sections represent velocity layering assumptions. When
velocity reversals are expected in the sedimentary section the range of
uncertainty of the position of the basement is represented by shaded zones
on the seismic cross-scctions.

The preceding conclusions are well-grounded only if there are no
horizontal velocity variations along the refractor,

Depths to seismic discontinuities along the profile can also be
obtained by making use of the reciprocity principle (Ewing et al., 1937,
Dix, 1952 p. 263). The apparent velocity measured for a given layer at the
spread is compared with the apparent velocity obtained by plotting a travel
time curve for which the shot points whose energy was refracted from this
layer are considered as geophone locations and one of the geophones of the
spread bacomes the shot point. This last apparent velocity indicates the
average dip of th interface between the two shot points. From the normai
depth obtained at the shot point which is close to the spread, it is possi-
ble to compute a depth for the other shot point. Although the two methods
are equivalent, the first has been used during the present study because no
reciprocity principle must be assumed in its application.

The accuracy of the seismic refraction method has been studied in
detail by Steinhart and Meyer (1961). They showed that it is difficult to
obtain estimates of uncertainty for refraction depth calculations and even
when obtained, these estimates may be suspect.

The interpretation of the data as presented in the following study
is not unique and the model chosen to fit each set of travel time curves
represents the simplest solution consistent with the seismic data and

geology.



VII. ANALYSIS OF SEISMIC PROFILES

The location of the seismic profiles is shown on the geologic map
(Fig. 2).

The major graben structures were initially aasumed to be parallel
to the physiographic trend of the valley with a corresponding thickening
of the sedimentary section toward the center of the valley. Therefore
it was considered illogical to make a classical interpretation of any
transverse profile because of the lateral changes in velocity layering.
Accordingly, three profiles were shot in a NNE-SSW direction (profiles

. 1-3) where only small lateral velocity changes were expected. This
information was carried over to two sub-parallel transverse profiles
(profiles 4 and 5). By delay time analysis, the trans&erse structure of
the valley under Dixis Settlement was then determined.

Similarly, the information from profile 12, shot between Seven
De&ils and Boyer Ranch, was used for the analysis of the Boyer Ranch

profile shot across the west gide of the valley.

PROFILE 1l: West Road Profile

The West Road profile wasg shot in a north-south direction on the
west side of the valley along the main road of Dixie Valley. Recordings
were made on three 4600-ft geophone spreads. The only air shots along this
profile were S4 and S2; two shots were fired in most of the drilled holes.
The travel-time curves and the geismic cross-gection corresponding to the
West Road profile are shown in Fig. 6.

All times were corrected to a 3500-ft datum. The superficial
velocity of 5200 ft/sec was taken from Table 1 and corresponds to that
measured in sediments lying below the water table.

Below the 6300 ft/sec laver an 8000 f£:/sec layer was obgerved which
was based on distinct breaks in the travel time curve. The horizontality
and continuity to the south of the 10,000 ft/sec layer are controlled by
the two geophone setups B9 and Bll. 1t is assumed that this layer is also
continuous to the north. The two apparent velocities 14,000 ft/sec and

17,000 ft/sec recorded on spread BY from shot points N3 and N4 respectively
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were correlated as down-dip and up-dip velocities of the bedrock with &
calculated true velocity of 15,400 ft/sec.

The arrival times from the common shot point N3, which show an
apparent speed of 14,000 ft/sec, on spread Bll line up with those of the
wave refracted from the basement on spread B9, This alignment of arrival
times proves that the basement can be represented between B9 and Bll by
a plane dipping 4 degrees tc the éouth. The normal depth to bedrock was
computed using formulas for a dipping layer for the part of the profile
between spread Bll and shot point N2,

The apparent speed of 16,600 ft/sec observed across spread B1(
and the corresponding geophone delay time, show that the attitude of the
bagsement between shot points N2 and N3 is in continuity with the one
deduced from the observations made on spreads B6 and Bll. The apparent
velocity of 23,000 ft/sec which was observed across spread Bll was asso-
clated with a change in dip of the basement.

. The seismic energy of shot 54 is believed to have been laterally
refracted from bedrock at the Stillwater Range which is only 6000 ft west
of the southern end of the profile. The information obtained from this
shot completes the detailed study of Herring (1966) and determines the
attitude of the basement at the eastern side of the cross-section shown
in Fig. 21,
The line at the bottom of the shaded zone on Fig. 6 is the position

of the pre-Tertiary bedrock as computed on the assumption that the 10,000
ft/sec layer continues downward to the 15,400 ft/sec basement. If the

10,000 ft/sec layer is only a thin high-velocity zone within the 8000 ft/sec

layer, the basement could be as shallcw as the top of the shaded zone.

AT R

Since a 13,000 to 14,000 ft/sec layer was observed to exist between the
10,000 ft/sec layer and the basement in several places iun the valley, a
similar layer may exist along this profile as a blind zone. If that ig the
case, the calculated depth to the 15,400 ft/sec layer would be increased.
The uniform velocity of 10,000 ft/sec assigned to the layer just above the

PRI L

basement can therefore be regarded as an average for a heterogeneous sedi-
mentary section containing small velocity reversals and high velocity blind

zones. Consequently the dark line on Figure 6 and en all following cross-

AT L o Co e T LR LA L et 2 ph

sections represents the most reasonable attitude of the pre-Tertiary bedrock.
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PROFILE 2: Central Road Profile

Seismic profile 2 (Fig. 7) was shot along a NNE-SSW trending road
in the central part of the valley just south of Dixie Settlement. We
recorded on a 4600-ft spread; shots N4 and S5 were fired in drilled holes;
the other shots, in the air.

A water table velocity of 5000 ft/sec was assumed in order to com~-
pute a depth for the 6400 ft/sec velocity layer using intercept times at
shot points S1 and N1. A velocity of 8600 ft/sec for the third layer was
computed from the two apparent velocities, 8700 f£t/sec and 8500 ft/sec.

The slight northward dip of the 8600 ft/sec interface under the
spread is congistent with an abrupt increase in shot point delay time
between N2 and N3, which was interpreted as a down-drop of the 8600 ft/sec
velocity boundary and a consequent thickening of the 6400 ft/sec layer.

Constant thickness was asgumed for the 8600 ft/sec layec under both
shot point &rd spread, in order to calculate depths to the 10,000 ft/sec
layer from :he intercept time of the corresponding segment of the time-
distance curve at shot point N3. This layer is a blind zcne for the
refracted arrivals from ghot point §3.

The depth to the 16,000 ft/sec bedrock was computed from the inter-
cept time st shot point S§3.

The 25 msec offsets in the basement arrivals from shot points S4
and 85 were associated with a fault which uplifts the southern bedrock
block about 350 ft. Depths to basement at shot points S4 and N4 were com-
puted assuming continuity of the 10,000 ft/sec velocity layer from Sl to
S4 and from N3 to N4 respectively. If the 10,000 ft/sec velocity layer
proved te be thin, the bagement would bte about 500 ft shallower,

The apparent velocities observed along profiles 8 and 9 show a velo-
city laycr between the 10,000 ft/sec layer and the basement. From the
information of profile 8 and with the assumption of a true speed of 13,000

£

4]

VN -
-~

ft/sec, this layer should be about 4200 ft deep at the south cnd

<

file 2. This information was carried over to the latter profile and
yielded a maximum depth to bedrock of 6600 ft near shot point S5 (lower
boundary of the shaded area in Fig. 7).
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PROFILE 3: IXL Canyon Profile

The main purpose of the IXL Canyon profile (Fig.8) was to test the
efficiency of the air shooting technique on high alluvial fans., The pro-
file was shot in a N-S direction one-half mile east from the mouth of
IXL Canyon. The total length of this refraction line was 14,000 ft and
the maximum average velocity observed was 11,300 ft/sec. No basement
arrivals were recorded along the 2200 ft spread.

The gradual increase in velocity with depth from 5000 ft/sec to
11,300 ft/sec was conventionally interpreted as two velocity layers of
8000 ft/sec and 9300 ft/sec. The normal depth to the 11,300 ft/sec velo-
city boundary was computed from the intercept time at shot point N3. From
the shot point delay times agsociated with the shots N4, N5, and S4 we
deduceG a down-drop of the 11,300 ft/sec horizon in the northern part of
the profile and a rise of this same velocity boundary at the southern end
of the profile. )

The only control on superficial layering alcng the refraction lines
of this entire study was obtained under the geophone spreads and this
information was extrapolated to the entire profile., Any change in sghot
point delay time was then associated with a change in basement depth. But
the profile 3 data show the existence of important structural features in
velocity boundaries within the Cenozoir sedimentary section.

Therefore, with the assumption of continuity of these horizone,
false structures may have been introduced in the basement. Consequently
the structures of the 11,300 ft/sec horizon along this profile could also

have been exaggerated by the assumption of continuity of the 5000 and
8000 ft/sec velocity layers.
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PROFILE 4: Crazy K Ranch Profile

Profiles 4 and 5 are the two E-W trending refraction lines across
Dixie Settlement. They have shot point DP in common. The western end of
profile 4 crosses the West Road profile at the northern end of spread BlO,
and the western end of profile 5 intersects the same line at shot point
N1. The travel time curves for both profiles were corrected to allow for
the slight offset of the shot pointg with respect to the general direction
of the profiles.

The Crazy K Ranch profile (Fig. 9) consists of four individual
spreads. On each setup energy arrivals were recorded from shots fired at
point DP. All data were corrected to a 3500 ft datum. The superficisl
velocity of 5000 ft/sec represents an average of all speeds meagured near
Dixie Settlement in connection with the hydrogeologic study. In making
the calculations it was assumed that this velocity is constant along the
profile.

The depth to the 6000 ft/sec velocity layer determined under spread
D3 was extended to the east. The apparent velocity of 8300 ft/sec
measured aiong the D3 geophone setup was associated with a horizontal velo-
city layer whose lower boundary extended to the west to shot point CR. The
8500 ft/sec segment recorded on spread Al05 from shot point 4 was correlated
(profile 5) as an apparent up-dip velocity, with the 11,500 ft/sec layer
dipping 10° to the west. This interpretation was preferred, primarily on
geologic grounds, to the alternate interpretation based on the assumption
that the apparent velocities were true velocities of horizontal layers.

The information obtained in the northern part of the West Road
profile was carried over under spread Bl4. The 10,000 ft/sec segment
recorded along Bl4 from shot point CR was assumed to be refracted from the
10,000 ft/sec velocity layer determined under spread B9 of the West Road
profile. By subtracting the corresponding geophone delay time from the
intercept time at shot point CR, the depth to the 10,000 ft/sec boundary
under shot point CR was obcained.

The 13,000 ft/sec apparent velocity recorded along spresds A26 and
A34 from shot point DP can be interpreted ag a down-dip velocity of a west-

dipping basement, as a true velocity of a horizonal velocity layer, or as
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an up-dip velocitv of a 10,500 ft/sec layer. The latter alternative seems
to be the wost probable since similar apperent velocities were recorded
along the west side of profile 5 where a deepening of the 10,000 ft/sec
horizon was observed from the data of profiles 1 and 3. All reflections
obtained east of Crazy K Ranch came f om the top of the 10,000 ft/sec
velocity layer (Fig. 9).

The sole arrivals refracted from the basement were recorded along
spread Bl4 from shot point DP. The apparent velocity of 20,000 ft/sec
was associated with a 15,400 ft/sec basement with an appareant dip of 10°
to the east whose depth was determined from the West Road profile. As a
true Ledrock velocity of 1€,000 ft/sec was observed along the Centrel Road
profile, an average velocity of 15.700 ft/sec was used as characteristic
of the pre-Tertiary basement below Dixie Settlement. This average speed
and the information under spread Bl4 yield a delay time af ghot point DP
and the depth to basement at this point.

PROFILE 5: Dixie Profile

The Dixie profile (Fig. 19) congisted of six spreads which were
8200 ft long and composed of six geophones each. All shots were fired in
holes, four of which were drilled in valley sediments and one in granitic
bedrock at the mouth of IXL Canyon. The energy from shots fired in
welded tuff at Cow Canyon, which would have completed the information at
the east end of this profile, was presumably abgorbed in concealed low-
density breccias and ash beds which underlie the welded tuff.

The information on superficial velocity layering obtained from the
IXL profile, the West Road profile and the Central Road profile was carried
over to the Dixie profile. These three north-south profiles show a deepen-
ing of the 10,000 ft/sec horizon from the west side towards the center of
Dixje Valley. This suggests that the most plausible jinterpretation of the
12,800 ft/cec segments and the 8000 to 10,000 ft/sec segments recorded
along A101 and Al102 sprecads is to associate them with apparent velocities
of an 11,000 ft/sec veiccity layer dipping to the east. The 12,700 ft/sec
velocity recorded on spread A103 suggests that this 10,500 to 11,300 ft/sec
velocity zone continues toward the center of the valley. Because of the
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similarity with the west side, the 11,500 ft/sec and the 8500 ft/sec velo-
cities recorded on spread A105 were assumed to be apparent velocities of
a 10,000 ft/sec velocity boundary dipping vest.

All velocities higher tkhan 15,000 ft/sec observed along Dixis pro-
file were interpreted as basement refractions. An average bagement velo-
rity of 15,700 ft/s=c was assumed for tae depth computations using delay
times. As the deptl "o bedrock under shot point DP was determined from
the profile 4 data, a geophone delay time could be computed for spread
Al105. From the 18,700 ft/sec velocity segment recorded on the same spread
from shot point 1, a delay time was determined at. thiz point. The
corresponding depth to basement is 10,500 £t if there are no velocity
rteversals in the 10,500 ft/sec veleocity layer; it is the maximum depth
measured during the survey.

The apparent basement velocity of 16,300 ft/sec recerded on A103
corresponds to a basement dipping té the west rather than to the east.
This slope of the bedrock is due to the fact that the delay time is
increased b& the thickening of the 6,300 ft/sec and the 8000 ft/sec velo-
city layers toward the center of the valley. Depths to the 15,700 ft/sec
layer under spread A106 and under shot point 3 were similarly computed.

The velocity layering beneath the geophone spread Al06 was assumed
to be similar to the one measured under the Eest Road profile (Fig. 12°.
A horizontal basement in the north-south direction under Dixie Settlemert
is indicated by the equality of the delay times u: ,(.hot point N4 of the
Central Road profile and shot point 3 of the Dixie profile.

PROFILE 6: Dixie Meadows Profile
The Dixie Meadows profile (Fig. 11) was shot about three miles north

of West Road profile along the main north-south road on the west side of
Dixie Valley. Conventional refraction techniques were used: three shots
were fired in the same hot spring and the seismometer spread was moved away
from the shot point.

The shallow velocity structure at the svuth end of the profile was
determined from spread E50 data. This velocity layering 's similar to
that determined boneath the Salt Marsh profile (Fig. 15), which is situsted
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along the west side of Humboldt Salt Marshk, as is ghot point SP., Deswite
the difference in surface coaditions between the northern and southerw
part of the Dixie Meadows prufile, a similarity in seismic velocity
layering justifies the assumption that the lateral veiocity changes along
thig profile are small.

Since no reversal data were obtained all observed velocities were
assumed to be true velocities. The depths of the three horizontal velo~

city boundaries were determined by conventional intercept-time methods.

PROFILE 7: Eaat Road Profile

Suspended air shots were used exclusively as sources of seismic
energy for the East Road profile (Fig. 12). All data were reduced to a
3650-ft datum and the velocity of 5000 ft/sec for the surface layer was
taken from Table 1. The velocity baundary between the 7300 and 8300 ft/gec
layers was computed to be horizontal between shot points 83 and N3; this
boundary wae assumed to remain horizortal along the rest of the profile.

The true velocity of the 14,700 ft/sec layer was obtained from the
association of the apparent velocity of 24,800 ft/sec recorded from shot
point S3 with the 11,000 ft/sec recorded from shot point N4. The attitude
of the 14,700 ft/sec layer in the central part of the profile was deter-
mined from the intercept tiv: of the 11,000 ft/sec vilocity segment at shot
point N3; the depth of this same layer below shot points 83, S4, N4, and N5

was determined from the delay times associated with these points.

PROFILE 8: Horse Creek Profile

Horse Creek profile was shot in an area where the gravity meagure-
ments (Thompscn, 1966) suggested thet the gravity low, associated with the
deepest part of the graben around Dixie Settlement, is trending toward Horse
Creek Canyen.

Ia order to minimize the weathering corrections ail data were reduced
to an inclined datum plane on the e2astern side of the profile (Fig. 13).

The attitude of the 9300 ft/sec velceity layer below the geophone
spread was determined from the intercept timv.+ .»: the $7J0 and 8900 ft/sec

apparent velocity segments and was assumed to »+ -he samy be.ow shot points
W2 and W3.
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The maxiwnum apparent velocity recorded along Horse Creek profile
was 12,000 ft/sec. 1In a first interpretation this velocity can be con-
sidered as the down-dip velocity of a portion of a 16,000 ft/sec basement
dipping east. The delay time at shot point W4 would be about 0.2 sec
larger than the cne determined for this same shot point from the Central
Road profile (Fig. 7), thus indicating a deepening of the valley floor to
the east of W4 comparable to that observed along the Dixie profile (Fig. 9).

As the gravity gradient along the east side of the present profile
(Thompson, 1966) indicates instead a west dipping basement, the following
interpretation was preferred (Fig. 13): the 12,000 ft/sec apparent velo-
city is associated with an intermediate 13,000 ft/gec velocity zone situated
between the 9300 ft/sec layer and the hasenment. Similar velocity zones were
obgserved along Pirouette Mountain and East Road profiles (Fig. 14 and Fig,
12) and seem to be characteristic of the southern part of Dixje Valley. The
normal depth to the 13,000 ft/sec layer is calculated from the intercept
time of the 12,000 ft/sec segment at shot point W2. The depth below shot
point W3 is computed from the increased delay time at this point and must be
considered as a maximum since the continuity of the 9300 ft/sec layer is
agsumed across a discontinuity in the structure of the 13,000 ft/sec layer.
An increase in depth of the 9300 ft/sec layer iis more probable across this
discontinuity; this increase would decrease the computed depth ko the
13,000 ft/sec horizon. The superficial ve'ocity layering determined along
Central Road profile (Fig. 7) was used to c¢oumpute "¢ depth of this same
horizen below shot point Wa&.

Since no basement refractions were obserw: ., according to this last

interpretation, the basement must be at least 6000 ft deap below the eastern
end of Horge Creck profile,.

PROFILE 9: Pirouette Mountain Profile

The ghallow velocity layering below the 4060{ {t upread of Pirouette
Mountain profile (Fig. 14) was determined from the data recerded along
this spread. The interpretation of the northern part of this profile was
carried over from the Center Road profile (Fig. 7).
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The attitude of the 11,300 ft/sec layer was determined from the
intercept times of the 11,200 ft/sec and the 11,400 ft/sec segments at
shot points S3 and N2. The small intercept time of the 14,400 ft/sec
velocity segment at shot point N3 implies that part of the energy arrivals
which form the 11,400 ft/sec velocity segment recorded from shot point N2
must be second events. No detectable arrivals refracted from the 14,400
ft/sec layer were received from shot point N2.

The apparent velocity of 16,000 ft/sec was agsumed to be the true
velocity of the basement below Pirouette Mountain profile. If the 14,400
ft/sec velocity segment represents only first arrivals, the 16,000 ft/sec
layer must be at least 1000 ft below the 14,400 ft/sec layer in the
southern part of the profile. From this mji.iimum depth to basement (repre-
sented by a heavy line in Fig. 14) it is possible, through the intercept
time at shot point N4, to determine a maximum depth to basement below this
point, The 14,400 ft/sec layer was assumed to be thin in the previous cal-
culation. In the absence of a velocity reversal below this layer, the

basement may be as deep as the lower boundary of the shaded area in Fig. 1l4.

PROFILE 10: Salt Marsh Profile
Salt Marsh profile (Fig. 15) was shot along a 54,000-ft line oriented
in a NNE-SSW direction on the west side of Humboldt Salt Marsh. Recordings

were made on a single 4600~-ft spread. Suspended air shots were used
exclugively as sources of seismic energy. a1l data were reduced to a
3400-ft datum plane and the velocity of 4000 ft/sec for the surface layer
was obtained from Table 1. Below this layer, velocities of 6100 ft/sec and
7600 ft/sec were measured and this layering was assumed to be continuous
between shot points S4 and N2,

The velocity of 5700 ft/sec for the uppermost layer at shot point S5
was carried over from Dixie Meadows profile where this superficial layer
was determined at shot point SP. The attitude of the 10,000 ft/sec layer
is not well defined since only a small segment of the time distance curve
obtained from shot N2 corresponds to this velocity. The attitude of the
9300 ft/sec layer from the Dixie Meadows profile was transferred to the area
around shot point S5.
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The apparent velocity of 19,800 ft/sec recorded from shot point N2
wag associated with the 14,800 ft/sec velocity recorded from ghot point
S2 to yield a true basement velocity of 1€,800 ft/sec. The normal depth
to tae 16,800 ft/sec layer was determined by correlating the 19,800 ft/sec
velocity with a dipping plane solution between shot point N2 and the spread.
Delay times related to all other shot points were computed on the assump-
tion that the basement velocity ig ~onstant and equal to 16,800 ft/sec
along the entire profile. Any lat~ral decrease in basement velocity will
result in a decrease in computed depths to basement., Delay times at N3
and N4 are equal and are of the same order of magnitude as the one obtained
for shgt point 6 east of Boyer Ranch profile (Fig. 19). This indicates an
abrupt deepening of the valley £floor under N3 and N4 which must be accom-
panied with a change in superficial velocity layering. Consequently, the
velocity distribution obtained for the eastern end of Boyer Ranch profile
was used to compute the depths corresponding to the delay times of shot
poihts N3 and N4.

A detailed layout of the Dixie Meadows and Salt Marsh profiles is
shown in Fig. 16. Assuminf basement continuity between shot points S4 and
S§1, a comparison of bagement attitude determined between S4 and N2 with the
corresponding distance of the Stillwater front to the profile, shows a strik-
ing similarity. This leads to the conclusion that the energy recorded along
this profile is refracted from the east side of the Stillwater Range and
that the front of the range must be continuous to the depth where side
refraction takes place.

The interpretation of the Salt Marsh profile was made with the
assumption that the ray paths are in the vertical plane of the profile.

This vertical plane is represented by a dashed line in cross-sectioun A-B

of Fig. 16. The refractor is a plane perpendicular to this vertical plane
through point N. The depth of this point was determined from the delay

time agssociated with geophone 24 (Fig. 15). 1If the energy is side refracted,
the refractor will lie tangent to the curve SN (cross-section AB of Fig. 16)
which is the locus of points having the same geophone delay time,

Herring (1966) determined a parametric equation for this locus for 2

model formed by twe horizontal layers bounded by a dipping high velocity




*91F3F0ad SMOPEB3IN IFATQ 943l pue
91F303d Ysaey 318S 3yl Jo Inodel ayz Buimoys dey payreasd 91 9an3ig

1NIOd LOHS ©

LOVINOD m——
g oygsvo 3ov3¥nsans” 9
ar 3713404d HSYVW 1IvS ;3 S3alvas Jissviul  F77]
G o—
PN €N
b [ A

46

NOANYD = 7 m\|
MO0Y ILIHMF I+ TS
4

]
8 . 1M
) " SOINVOITOA
SOINYITO0A : -+ AUVIL
A¥VILE3L \\\\\\ _ .S S LH%&E
Ly i1

4 65 ds 3
AdN.LS NOIL2VY43Y 3Ais

g3 d0ud Y 5

VAol i I o > o T W\ S et
AL L £ i Ml b tid, i s " chann S - o v N adilit
RS Suhum ey vy




~47-

refractor whose stike is parallel to the line of the profile. All four
side refraction curves SN shown in the three crogs-sections of Fig. 16
were constructed by applying Herring's formula to the seismic data deter-
mined along the Salt Marsh and Dixie Meadows profiles.

Cross~-section AB of Fig. 16 shows that the energy recorded at the
geophone spread of the Salt Marsh profile is side refracted at a depth of
2500 £t from a plane dipping 45° to the east. The change from a topo-
graphic slope of 20° on the east side of the Stillwater Range to a bed-
rock dip of 45° beneath the alluvial fan supports tne couclusion that this
refracting surface is a fault zone rather than an erosional surface.

Crosgs~-section CD shows that the basement is at least 5000 ft deep
1.5 miles southeast of White Rock Canyon. This reentrant of the Stillwater
Range is therefore controlled by high angle faults which strike approxi-
mately at right angles to each other, or by one fault which bends through
a right angle.

) It is reasonable to assume that the energy of shot SP and shot S5,
recorded respectively along Dixie Meadows and Salt Marsh profiles, is
gide refracted along the same basement plane; therefore this plane has an
apparent dip of 35° to the southeast (cross-section EF of Fig. 16) and is
4300 ft below shot point SP.

PROFILE 11: Bernice Canyon Profile

Bernice Canyon profile (Fig. 17) was shot in order to clarify the
structure associated with a large positive magnetic anomaly on the eastern
side of Dixie Valley. The profile was 31,000 ft long and congisted of
three 4600 ft spreads. All shots offset by more than 500 ft from the
spreads were fired in drilled holes; they provided poor energy coupling,
which is probably a result of high attenuation in the alluvial fan in this
part of the valley.

The upper boundary of a 9000 ft/sec zone, at a depth of 160 ft,
remains horizontal between gpread B5 and spread D6. A 7200 ft/sec layer,
recognized along spread D1 below the 4500 ft/sec layer, resulted in an
increased depth to the 9000 ft/sec layer.
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The velocity of the 14,500 ft/sec layer was calculated from reversed
data of the B5 setup. This layer is horizontal between spreads D6 and D1
on the basis of the intercept times of the 14,200 to 15,000 ft/sec velocity
segments recorded on the same spreads.

The depth to the 14,500 ft/sec layer, computed beneath shot point N4
using the increased delay time at this point, must be considered a maximum
since a horizontal 9000 ft/sec layer north of the profile was assumed. 1In
reality this layer may be deeper under N4 to correlate with the increase in
depth of the 14,500 ft/sec layer. The 15,000 ft/sec velocity segment shown
on gpread D6 was recorded from a shot which was fired at N4 without tim=z
break.

The maximum average velocity measured along this 31,000 £t profile
was only 14,500 ft/sec and a depth penetration of about 8000 ft was reached,

This leads to the conclusion that the 14,500 ft/sec arrivals are refracted
from the basement.

PROFILE 12: Seven Devils Profile

The subsurface structure of Gamble Basin between Boyer Ranch and Seven
Devils Springs was investigated from data obtained along Seven Devils profile
(Fig. 18). Seismograms were recorded from shots fired in Seven Devils Springs
on three 8200 ft spreads of six geophones each. These spreads were placed
end to end. Reversed data in the same part of the profiie were measured along
the 4600 ft spread B8 of twenty-four geophones. Information on the southern
part of the profile was deduced from the apparent velocities recorded along
spread D4,

An apparent velocity of 7700 ft/sec was measure¢ around Seven Devils
Hot Springs and was associated with the weathered siliceous sinter dome
deposited by the hot springs. These rocks were assigned a true velocity of
10,000 ft/sec. Beneat” spread B8 a true velocity of 5700 ft/sec was observed
for the uppermost layer. The apparent velocity of 6900 ft/sec was assumed to
be the true velocity of the second layer.

The 10,000 ft/sec velocity segments recorded from shot point S2 along
the north end of spread B8 and from shot point SD along spread All5 were
interpreted separately as representing true velocities of horizontal layers

whose depth was computed using intercept times at shot points S2 and SD.
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The 13,700 ft/sec and 20,700 ft/sec layers were defined Ly associa-
tion of the apparent up-dip velocities of 14,600 and 24,800 ft/sec recorded
along spread B8 with the apparent down-dip velocities of 13,000 and 18,200
ft/sec recorded along spreads A116 and A1l7. Intercept formulas for a
dipping layer were used to compute the normal depths to the 13,700 ft/sec
layer between shot point 83 and spread BS.

There are two possible ways to compute the depth to 20,700 ft/sec
basement from the intercept time.of the 24,800 ft/sec velocity segment at
shot point §4, Assuming thatv the basement is a plane dipping 7° between 54
and spres- B8, a depth to basement at S4 1is ob.ained which is much larger
than the horizoatal distance from the profile to the front of the Stillwater
R2ge. Any side refraction along this boundary will then result in earlier
arrivals than those actually observed., Consequently, the 7° dip was con-
sidered to be a local attitude of the basement below spreads All7 and B8
and depths below ghot point S4 and these spreads were computed using delay
time formulas and a constant basement velccity of 20,700 ft/sec.

If the 13,700 ft/sec layer were a thin high velocity zone inside the
10,000 ft/sec layer, then the basement, below spreads B8 and All7 and shot
point SD, would be as deep as the top of the shaded area in Fig. 18. The
13,700 £t/sec layer in the southern part of the profile was not observed but
may exist as a blind zone in that area and along Boyer Ranch profile
(Fig. 19). 1In both regions the depth to basement was computed for a continu-
ous 11,000 ft/sec layer because the effect of any velocity reversal in this
layer would be compensated by the presence of the blind zone.

The energy recorded on spreads B8 and Al17 was refracted from the
bottom of Gamble Basin just below the spread but may have been side refracted
just north of shot point $4 where the front of the Stillwater Range is 6000 ft
wegt of the profile.

The 6600, 8800, and 11,300 ft/sec velocity segments recorded at geo-
phone setup D4 were interpreted as the true velocities of three horizental
layers situated between the 5400 ft/sec layer and the basement. The 20,000
ft/sec segment represents an apparent down-dip velocity of the 20,700 ft/sec
bagsement with a local apparent dip of 2% to the south. The depth to the 20,700
ft/sec basement was calculated using the conventional intercept-time method
for horizontal layers for the part of the profile between spread D4 and shot
point S4.
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PROFILE 13: Boyer Ranch Profile

Boyer Ranch profile (Fig. 19) was shot along a road trending east
from Boyer Ranch across Dixie Valley, All data were reduced to a 3500 ft
datum. All three geophone setups recorded an a2pparent velocity of 9700
ft/sec from shots fired in 20-ft holes drilled in the basement at shot
point CW. At points 5 and 6 the shots were fired in 50-ft holes. The
southern end of Seven Devils profile crosses Boyer Ranch profile 3400 ft
west of shot point 5.

Intercept times at shot points 5 and 6 of the 6600 and 6500 ft/sec
velocity segments control the thickness of the 5400 ft/sec velocity layer
along the profile. The apparent velocity of 8000 ft/sec recorded along
spread Al110 was assumed to be the true velocity of a horizontal layer between
shot point 6 and this spread. The interpretation of the southern part of
Seven Devils profile showed an 8800 ft/sec layer whose attitude is carried
over to Boyer Ranch profile. The upper bouadary of this layer was correlated
with that of the 8000 ft/sec layer determined aleong spread AllO.

The 9700 ft/sec and the 13,100 ft/sec velocity segments Ziven in the
travel time curves of spread A109 and Al1l0 were associated respectively with
down~-dip and up-dip apparent velocities of a 10,900 ft/sec velocity layer.
The depth to this layer below spread Al09 was calculated from the intercept
time at shot point 5 using the intercept formula for a dipping layer; the
continuation of the 9700 ft/sec velocity segment along the geophone setup
Al10 led to the determination of the attitude of the 10,900 ft/sec layer
beneath this spread. The depth of the 10,900 ft/sec velocity zone below
shot point 6 was calculated from the intercept time of the 13,100 ft/sec
velocity segment at that point.

The true welocity of 20,700 ft/sec determined for the basement along
Seven Devils profile was assumed to be characteristic of the bedrock beneath
Boyer Ranch profile. The depth to basement determined from the data of
Seven Devils profile was used to compute a one-way delay time for geophone
5 of spread Al09 and a delay time for shot point 6. These delay times in
turn lead to a basement depth below this latter point.

The high apparent velocity recorded between geophones 3 and 4 of

spread Al109 indicates the existence of a fault in the bedrock just west of
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shot point 5. The minimum step down observed in the time distance curve

caused by tche vertical displacement of the fault is 0.180 second which

corresponds to a 2300-ft vertical down-throw of the basement on the east

side of this favlt. Such an attitude of the basement below spread All0

would cause the energy from shot point CW refracted from the bedrock to
arrive as a first break around 2 sec at geophoae 6 of spread A110. Unless
these early arrivals were weak and the 9700 ft/sec velocity segment is a
second event, the °-rtical offset along the fault is more than 2300 ft.

The bagement is therefore deeper below shot point 5 than beneath shot
point 6.

PROFILE 14: Hyder Springs Profile

The three individual spreads of profile 14 (Fig. 20) were laid out
NE of Hyder Springs (Fig. 2). Shots Wl and W5 were fired in Hyder Hot
Springs and shots E4 and E3 were fired in drilled holes.

The depth to the top of the 10,500 ft/sec layer was determined below

spread B7 and assumed to be constant along the northeastern end of the pro-
file.

The depth to the 6000 ft/sec velocity layer belcw point El agsociated
with spread D5 was calculated with a superficial velccity of 3000 ft/sec.

The 8200 ft/sec velocity segment reccrded along rhe same spread was
associated with a horizontal velocity layer.

Two apparent velocities of 11,200 ft/sec and 9000 ft/sec were
recorded on spread D5 and associated as apparent up-dip and down-dip velo-

cities of a NE dipping 10,000 ft/sec velocity layer. Depth below shot point

Wl wags computed from the intercept time of the 9000 ft/sec velocity segment.
The apparent velocity of 22,500 fc/sec recorded from shot point W2

was agsociated with the 12,500 ft/sec velocity recorded from shot point E2
to yield a true basement velocity of 16,000 ft/sec.

The 16,400 ft/sec velocity segment recorded along spread AllS from shot

W5 shows the lack of significant structure in the basement between shot point

W2 and spread B7. The normal depth to basement was therefore computed from

the intercept time of the 16,400 ft/sec velocity segment at W2.
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The increase in delay times associated with shot points E3, E4, W3,
W4, and W5 was correlated with a deepening of the basement on both sides
of the horst outlined below spreads 2119 and B7.

The geophone delay time associated with the 48,000 and 19,400 ft/sec
velocity segments recorded along spread D5 from shot polnt E3 corresponds
to a refractor which is shallower than the basement determined from the
shot point delay time at W5. This leads to the conclusion that the energy
wag refracted from the side of a siliceous sinter cone which exists below
Hyder Hot Springs and whose attitude at depth is represented by the dashed
line below spread DS5.

Hot springs with associated siliceous sinter domes are convenient
shot points and were used on Seven Devils and Hyder Springs profiles.
Unfortunately they represent high velocity zones whose detailed structure
is unknown. Therefore they may introduce significant errors in the inter-

pretation of refraction data around them.
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VITI. CORRELATION OF SEISMIC VEIOCITIES WITH STRATIGRAPHY

A. In Situ Velocity Measurements

Table 3 summarizes the seismic compressioral wave velocities and
thicknesses of each velocity layer observed below the water table along
the fourteen profiles studied in the previous chapter, It is difficult
to relate these velocity layers to the stratigraphic units exposed in
the ranges surrounding Dixie Valley because of the wide range of speeds
with which seismic waves travel in the sedimentary or igneous rocks pre-
gent in the area under study. To gupport the conclusions drawn below,
additional information was obtained through side refraction measurements
along outcrops of geologic units. These measurements are of greatest
importance to the present study.

A true velocity of 15,400 ft/sec was calculated from two apparent
velocities of 12,000 and 22,000 fr/sec measured along the granitic rocks
exposed at the mouth of IXL Canyon. The data from the detailed side
refraction study reported by Herring (1966) indicate an average velocity
of 16,500 ft/cec for this same granitic pluton at Mud Springs. A 16,800
ft/sec velocity characterizes the gabbroic and dioritic rocks which form
the front of the Stillwater Range just west of the Salt Marsh profile
(Fig. 15).

The Cenozoic deposits which form mest of the valley fill are com-
posed of sedimentary and ignebus material. Seismic velocities were
measured for both kinds of rocks. A velocity of 10,000 ft/sec was obtained
using side refraction for the Tertiary volcanics, mainly rhyolites and
dacites, exposed in the White Rock Canyon. Herring (1966) associated the
10,000 ft/sec velocity z...e found close to the surface below the southern
part of profile E53 with a nearby outcrop of rhyolitic tuffs found about
1000 ft east of the fault scarp which runs along the base of the
Stillwater Range.

Four refraction profiles were recorded with the GT-2 Interval Timer
(described in Chapter III) in the Pliocene (?) non-marine gedimentary rocks
at the southern end of the Stillwater Range near Mountain Well . Along

exposures of semiconsolidated sands and clay beds which were above the water
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table, velocities canging from 4000 to 5000 ft/sec were measured. Arrivals
refracted from the upper boundary of an 8300 ft/sec layer which was 160 ft
deep were observed by extending two of the refraction lines. This velocity
was associated with non-marine sedimentary rocks lying below the water table
and having a composition similay to the sand and clay beds exposed at the
surface.

The 8300 ft/sec velocity which is a function of overburden pressure
was measured under a pressure of 160 psi since 1 psi corresponds to about
the pressure created by 1 ft of sediments of density 2,2 gr/cmz. The
influence of liquid saturation and overburden pressure on the compressional
wave velocity in sedimentary rocks has been determined experimentglly by a
number of workers, such as Wyllie, et al. (1962), and King (1966). They
have found that an increase in hydrostatic confining pressure increases the
dilatational wave velocity. Most of the samples studied were sandstones
saturated with salt water.

The increase in velocity to be expected in the sands and clay beds of
the Pliocene (?) sedimentary section when these rocks are buried under
Pleistocene and Recent alluvium was determined by assuming that the rate of
increase found by King (1966) for the Bandera sandstone could be applied to
these Pliocene (?) rocks. Since the sandstones are more consolidated than
the sands and clay beds observed in the Mountain Well area, the velocities
listed have to be considered as maxima. Table 4 contains these velocities

and the depths at which they may be observed.

B. Ccrrelation of Seismic Velocities with Stratigraphy

All ojrserved velocities were classified into seven categories. The
velocities in columns Vl, V&’ VS’ and V7 are in general based on distinct
changes in slope in the travel time curves while the velocities listed in
columns v, and V3, especially, may sometimes be the result of replacing a
continuous increase of velocity with depth by a series of layers of constant
velocity.

Velocities listed in columns V1 through V3 are associated with uncon-
solidated to semi-consolidated clastic sediments of Pleistocene and Recent

ages. The two velocity discontinuities reported here are similar to those
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TABLE 4

ESTIMATED MAXIMUM DILATATIONAL WAVE VELOCITIES
IN PLIOCENE (?7) WATER-SATURATED NON~-MARINE SEDIMENTS

. Depth of Burial . Maximum Velocity

(ft) (ft/sec)
160 8300
1000 9000
2000 9700
: 4000 10500
] 5000 10700
3 8000 11000
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observed by previous workers in the sedimentary basins along the eastern
front cf the Sierra Nevada (Zbur, 1963; Healy and Press, 1964; Pakiser
et al., 1964) and in the Colorado Delta Region (Kovach et al., 1962).

Velocities ranging from 4000 to 5700 ft/sec represent unconsolidated
sediments just below the water table, It is important to note that the
intermediate 6000-6900 ft/see velocity zone can be identified only in the
central part of Dixie Valley and is absent or exists as a blind zone along
the margins. Therefore, this layer is believed to be composed of clays
and silty material, common in the lower parts of closed basins.

The layers with velocities ranging from 7200 to 8500 ft/sec may
represent more consolidated sands along the sides of the valley. Toward
the center of the valley these layers are foind at depths up to 1900 ft and
may indicate an increase in velocity in the 6000-6900 ft/sec layer due to
the increase in overburden pressure,

Mabey's (1956) seismic velocity tests on salt outcrops on the Searles
Lake playa in southern California indicated a velocity of 10,000 ft/sec for
surface salt., Where the salt body was covered by mud there was no crust
and the test indicated a velocity of only 7700 ft/sec. From these obgerva-
tions it can be concluded that the V3 velocity layers recorded in Dixie
Valley near the center of the basin could also represent a zone of concen-

tration of saline minerals. The combined thickness of the V. to V3 velocity

layers ranges from 300 ft north of Hyder Springs to 3500 ft ;eneath Dixie
Settlement and east of Boyer Ranch. This indicates that a maximum thickness
of 3500 ft of sediments were deposited in the Dixie Valley basin since Plio-
Pleistocene time.

A seismic velocity boundary below which the velocity increases to an
average of 10,000 ft/sec is characteristic of the entire Dixie Valley region

and repregents a distinct stratigraphic horizon within the valley £ill.

5

4+an
1ALl

Since we measured similar velocities in thyolitic tuffs and flows 2t W

»

Rock Canyon and at Mud Springs, this higher velocity is correlated with the
tuffs and flows of rhyolite of the Miocene to Pleistocene stratigraphic unit.
The non-marine sediments included in this secticn should create

velocity reversals in the V4 or V. velocity layers. Knowing the depth of

5
these layers, it is possible to determine from the data of Table 4 the
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speed of the seismic waves in this low velocity zone. These data indicate
that the velocity in the sediments can rrach 10,000 ft/sec at a depth of
3500 ft and therefore no velocity reversals are likely below this depth.

On another hand, the existence of an 8000 ft/sec layer at a depth of 3000 ft
beneath Dixie Settlement where normally the Pliocene (?) sediménts would
have a velocity of 9 to 10,000 ft/sec, strongly suggests that clastic sedi-
ments of post-Pliocene age exist at that depth.

A maximum thickness of the Mioccne to Pleistocene section of 8000 ft
was measured .below Dixie Settlement and is of the same order of magnitude
as the thickness repoirted by Page (1963).

The presence of a 13,000 to 14,700 ft/sec velocity layer observed
between the 10,000 ft/sec zone and the basement along the East Road profile,
Pirouette Mountain profile, and inferred frem the data of Horse Creek pro-
file, is correlated with a competent volcanic flow interbedded in the
Miocene to Pleistocene section. This flow seems to be present only in the
gsouthern part of Dixie Valley. Velocities ranging from 15,400 to 16,500
ft/sec measured south of Dixie Meadows are correlated with the Mesozoic
limestones, slates and metavolcanic rocks exposed north of IXL Canyon and
with the granitic rocks which intruded this Mesozoic section.

The southern subsurface margin of the Gabbroic complex was determined
from the data of the aeromagnetic survey completed by Smith (1965)(Fig. 2).
Along the Salt lMarsh profile, which was shot just north of the gabbro con-
tact, a basement velocity of 16,800 ft/sec was measured by side refraction
on gabbroic and dioritic rocks. These rocks are considered to be the
intrusive part of the Gabbroic Complex.

The 20,700 ft/sec velocity measured between Boyer Ranch and Seven
Devils was also correlated with the intrusive rocks of the Gabbroic Complex
while the 13,700 ft/sec layer found below the 10,000 ft/sec zone probably
represents Mesozoic basalt flows, tuffs, and breccias associated with the
gabbroic and dioritic rocks of the Gabbroic Complex. From the data of Seven
Devils profile it can be concluded that rocks from the Gabbroic Complex form
at least part of the bedrock below Gamble Basin and that the attitude of the
pre-Tertiary basement is represented by the upper boundary of this 13,700
ft/sec velocity layer.
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The 14,500 ft/sec velocity measured below Bernice Canyon profile
was correlated with the extrusive rocks of the Gabbroic Complex. The

seismic waves reached a depth of penetration of about 8000 ft and no

higher velocity was recorded. Therefore the minimum depth for the intru-

sive rocks of the Gabbroic Complex below this profile is 8000. £t and any
magnetic model which may be constructed to fit the positive anomalies in

this area must accommodate the boundary conditions sec forth by the seisg-
mic modei.

Seismic velocities in the Gabbroic Complex range from 13,700 ft/sec

and 14,500 ft/sec in the extrusive rocks to as high as 20,700 ft/sec in

the intrusive rocks. This wide apread reflects the heterogeneity of com-

position of the Gabbroic Complex and makes it impossible to differentiate

the nature of the basement for velocities less than 17,000 f:t/sec without

the support of the magnetic data., Another consequence of this inhomogeneity

is that the delay time method used for the interpretation of the rezfraction

data is less reliable in the northern part of the valley. The northwestern

part of the subsurface contact of the Gabbroic Complex lies approximately
north of Gamble Basin, but it is not possible to define from seismic data
the northeastern part of this contact since the 16,600 ft/sec velocity
recorded along Hyder Springs profile can be correlated with both the
Mesozoic slates and the extrusive part of the Gabbroic Complex.
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IX. STRUCTURAL IMPLICATIONS

From the attitudes of the velocity boundaries determined by the
seismic profiles, it is now possible to describe the subsurface structural
configuration ot Dixie Valley. It is a long trough showing a '"graben in
graben" structure controlled by normal faulting.

The inner graben whose detailed structure can be seen in Fig. 10,
is about 5 miles wide beneath Dixie Settlement and lies slightly to the
west of the topographic center of the valley. 1I1ts depth just west of
Dixie Settlement was found to be 10,500 ft and two miles east of Boyer
Ranch, at least 7000 ft.

The following depths to bedrock were determined for valley blochs
bordering the trough to the west:

a, Five miles southwest of Dixie Meadows the basement is 3500

ft. deep;
b. About two miles east of IXL Canyon, the valley floor is
5400 ft deep;

¢. At Boyer Ranch the basement is 4900 £t deep.

Fig. 21 is an east-west cross-section along Mud Springs Road; it
combines the results obtained by Herring (1966) with the information of
the southern end of West Road profile. It shows how the bagsement drops
step-by-step valleyward from the topographic escarpment of the Stillwater
Range. Three high-angle faults were detected between the west side of the
valley and the west side of the inner grabean. The dip of these faults was
found to be 55° to 70° eastward.

Below shot point SP of Dixie Meadows profile (Fig. 16), the floor
of the outer graben is 4300 ft deep and has a dip component of 35° to the
southeast.

About 1.5 miles southeast of the mouth of White Rock Canyon, in the
basin formed by the reentrant of the Stillwater Range, the basement is at
least 5000 ft deep (Fig. 16). Finally, the floor of Gamble Baéin is
4000 ft deep and has a dip component of 3% to the south.
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Below Dixie profile the floor of the outer graben rises eastward
from a depth of 3800 ft to 2500 ft., Further north, the floor on the east
side of this narrow depression is 2800 £t deep at Bernice Canyon profile
and 1000 ft deep at Hyder Springs profile.

The continuity of the inner graben between Boyer Ranch and Dixie
Settlement could not be verified in the present study but is inferred
from the aeromagnetic survey (Smith, 1965) and from the gravity map of
the Dixie Valley area (Thompson, 1966). West of Dixie Settlement, a
maximum vertical offset of 5500 ft in the basement was determined along
the western bounding fault of the inner graben. Similarly at the Boyer
Ranch profile there is at least 2300 ft of offset.

From Dixie Settlement the southward continuation of the eastern
fault zone of the inner graben can be deduced from the ab:rupt valleyward
drop of the 13,000 and 14,700 ft/sec horizons observed along the western
part of Horse Creek profile and the southern end of the East Road profile.

The northward continuation of this same zone cannot be determined
from the present seismic data since the high-angle fault at the south-
western end of Hyder Springs profile is not necessarily related to the
longitudinal trough but may represent the northeastern boundary of a
transverse structure. The shallow depth of the bedrock determined below
the Pirouette Mountain profile indicates either that the main longitudinal
trough ends as a closed bagin at the southern end of Dixie Valley or that
its axis turng to the east below the Louderback Mountains.

The comparison of the depth of the pre-Tertiary basement obtained in
the northern part of Pirouette Mountain profile with the depth at the south-
ern end of the Central Road profile shows a structural relief of the bedrock
of 1500 ft over a north-south horizontal distance of one mile. This struc-
tural relief forms the southwestern boundary of the Dixie Valley trough.

IXL Canyon profile and East Road profile show minor transverse
structures in the velocity boundaries within the Cenozolic section, but it
was not possible to establish their continuity across the valley. The
layers whicnh form the upper part of the Miocene-to-Pleistocene unit have
been much less displaced by faults than the pre-Tertiary interface (Fig. 10).
This leads to the conclusion that faulting was continuous or repeated at

short intervals concurrently with deposition of the Cenozoic rocks.
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X. CONCLUSIONS

The seismic refraction investigation of Dixie Valley revealed
several structural features which are significant in the understanding
of the structural history of the Basin and Range Province and supply
new constraints on the theories of its formation.

The subsurface structural configuration of Dixie Valley is
summarized in Fig. 10, which shows a concealed complex of normal faults
forming a long subsurface trough with a '"graben in graben" structure.

The inner graben, situated beneath the west side of the valley floor,
is as narrow as five miles and contains an accumulation of sedimentary
and volcanic deposits of Cenozoic age which attain a maximum thickness
of 10,500 ft. The last 3500 ft of this section were deposited since
late Pliocene time,

The Dixie Valley and Rainbow Mountain fault scarps, which were
formed during the 1954 earthquakes, each lie along the western side of a
narrow tronugh. One of these troughs is the composite graben of Dixie
Valley, which reaches a depth of 10,500 ft, and the other lies on the
west side of the Stillwater Range and is 10,000 ft deep (Wahl, 1965).

The Stillwater Range forms a horst rising 15,000 ft above the floors of
these two grabens. Thus the most active seismic area in the Basin and
Range Province is characterized by a total structural relief of three
miles over a breadth of twelve miles.

The fault zone bounding the Stillwater Range west of the Humboldt
Salt Marsh dips at least 45° te the east; its zig-zag pattern is conserved
to a minimum depth of 2500 ft. The geometry of this fault zone is such
that no large-scale strike-slip movement is possible along the zone.

At Mud Springs the western boundary fault of Dixie Valley has 4000
ft of throw (Fig. 21), whereas the western fault zone of the inner graben
has a vertical offset of 5500 ft west of Dixie Settlement and at least
2300 ft at Boyer Ranch. This interior concealed fault may be more nearly
straight than the Stillwater frontal fault and may therefore aliow strike-
slip displacement.
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The following observations limit the amount of horizontal wmovement
which could have taken place since the beginning of the Cenozoic:

a. The maximum possible strike-slip displacement of the southern

subsurface contact of the gabbroic complex across Dixie Valley
cannot be more than two miles (Smith, 1965).

b. 2Zbur (1963) observed en echelon normal faults in the sediments
of Indian Wells Valley, California. He associated these fea-
tures with right lateral strike-slip movement along a fault in
the pre-Tertiary bedrock. However Burke (1966), who studied
in detail the geomorphology of the Dixie Valley floor, did not
see any such normal faults in the sediments above the west
side of the inner graben.

Geophysicel evidence thus strongly suggests that the maximum possible
strike-slip displacement in Dixie Valley cannot be more thaa two miles.
Therefore it is believed that all bounding and interior faults which form
the structural framework of this basin are normal faults along which mainly
dip-slip movement cccurred.

From the present study it is possible to obtain average displacement
rates for two successive intervals of geologic time. On one hand, the
15,000 ft of vertical deformation which took place in the last 15 million
years would suggest an average displacewment rate on the order of 1 ft per
thousand vears. On the other hand, it was found that depths cf the volcanic
rocks of Plio-Pleistocene age range from 300 ft in the outer graben to 3500
ft in the inner graben. Assuming original continuity the difference of
3200 ft implies also an average displacement rate of 1 ft per thousand years.

Therefore it can be concluded that the Dixie Valley region was
deformed over the last 15 million years at a rate of about 1 ft per thousand

years with dip-slip exceeding strike-slip movement.




i

Poan

(-

FIELIQGRAPHY

Buffet, A,., and Layzc, C.H.. 1960, Nouvel Aspect de la Sismique
Refraction 21 Sahara: Tirs non Enterrés; Geophysical
Prospecting Vol. 8, pp, 47 67,

Burke, D.B., 1967, Aerizl Photograph Survey of Dixie Valley, Nevada;
A. F. Cambridge Research labs. Final Scient. Rpt. Part 1V,
AFCRL-66-848,

Cohen, P., and Everatt K D.E., 1963, A Brief Appraisal of the Ground
Water Hydrology of the Dixie-Fairview Valley Area; Dept. Consv.
and Nat. Res., State of Nevade, Report No. 23,

Dix, C.H.. 1952, Sexsmiz Prospecting for Oil; New York, Harper and
Brothers 4l4 pp.

Ewing, M., Crary. A.F., and Butherford, H.M., 1937, Geophysical
Investigaticn {n the Emerged and Submerged Atlantic Coastal Plain,
Parc 1: Methods and Results; Bull. Geol. Soc. Am., Vol.48, pp.
753-802,

Hawkins. L.V. 5+wd Maggs, D., 1961, Nomograms for Determining Maximum
Errcrs and Limiting Sorditione in Seismic Refraction Survey with
a Blind Zone Frotlem, Geophysicel Prospecting, Vol. 9, No. 4.

Healy, J.H., &nd Press Frank, 19064, Geophysical Studies of Basin
Structures Aiong the Easrern Front of the Sierra Nevada, California;
' Geophvsics. Vol. 29. pp. 1337-359.

Herring, A.T. 1967, Seismic Refraction s-udy of a Fault Zone in Dixie
Valley Nevads, 4. F. Cambridpe Regearch Labs. Final Scient. T.pt.
Part 11 AFCRL-66-84&.

Kane, M.F,. anc¢ Pakiser L1,C.. 1961 Geophysical Study of the Subsurface

Structure 1r Scutbern Owerns Valley, California; Geophysics, Vol. 26,
pp. 1Z-26.

King. M,S.. 1966 Wave Velocities in Rocks &s a Function of Changes in
Overburde Fressure and Pore Fluid Saturants; Geophysics, Vol. 31,
pp. 30 73,

Kovach, R.L., Alierr C.R,. znd Press. Frank. 1962, Geophysical Investiga-
tzons ip the Cclorade Delta Region, Jour. Geoph. Res., Vol. 67,
pp. 2845-2871,

Mabey, D.R.. 1956 Gzophysical Studies in the Intermontane Basins in
Southern Califcrniza, Geopbysics Voi, 21, pp. 839-853.




-71-

Menard, H.W., 1964, Marine Geology of the Pacific; New York, McGraw-Hill,
pp. 117-152,

Muller, S.W., Ferguson, H.G., and Roberts, R.J., 1951, Geology of the
Mount Tobin Quadrangle, Nevada; U. S. Geol. Survey Geol.
Quadrangle Map CQ-7.

Nettleton, L.%L., 1940, Geophysical Prospecting for 0il; New York, McGraw-
Hill, 444 pp.

Page, B.M., 1965, Preliminary Geologic Map of a Part of the Stillwater
Range, Churchill County, Nevada; Nevada Bureau of Mines Map 28.

Pakiser, L.C., Press, Frank, and Kane, M.F., 1962, Geophysical Investiga-
tion of Mono Basin, California; Bull. Geol. Soc. Am., Vol. 71,
pp. 415-448.

Pakiser, L.C., and Kane, M.F., 1962, Geophysical Study of Cenozoic
Geologic Structures of Northern Cwens Valley, California;
Geophysics, Vol. 27, pp. 334-342,

Pakiser, L,C., Kane, M.F., and Jackson, W.H., 1964, Structural Geology
and Volcanism of Owens Valley Region, California--A Geophysical
Study; U. S. Geol. Survey Prof. Paper 438.

Pakiser, L.C., and Steinhard, J.S., 1964, Explosion Seismology in the

Western Hemisphere; Research in Geophysics, Vol. 2, (Odishaw, Ed.)
M.I.T. Press, pp. 123-147.

Poulter, T.C., 1950, The Poulter Seismic Method of Geophysical Exploration;
Geophysics, Vol. 15, pp. 181-207.

Shawe, D.R., 1965, Strike-Slip Control of Basin-Range Structure Indicated
by Historical Faults in Western Nevada; Bull. Geol. Soc. Am.,
Vol. 76, pp. 1361-1378,

Slemmons, D.B., 1957, The Dixie Valley-Fairview Peak, Nevada, Earthquakes
of December 16, 1954 Geological Effects; Bull., Seism. Soc. Am.,
Vol. 47, pp. 353-375.

G EREIEE R W TR

L A

Smith, T.E., 1967, Aeromagnetic Measurements in Dixie Valley, Nevada:

Implications Regarding Basin-Range Structure; A, F. Cambridge

Research lLabg, Final Scient., Rpt. Part Iii, AFCRL-066-848.

AT

Speed, R.C., 1963, Unpublished progress map of parts of West Humboldt,
Stillwater, and Clan Alpine Mountain Ranges, Nevada.

e AU AL LGN | 2

Steinhart, J.S., and Meyer, R.P., 1961, Minimum Statistical Uncertainty

of the Seismic Refraction Profile; Geophysics, Vol. 26, pp. 574-
587.

P iy

TRy

i A L UL




-72-

Thompson, G.A., 1959, Gravity Measurements Between Hazen and Austin,
Nevada: A Study of Basin-Range Structure; Jour. Geophys. Res.,
Volt 64’ ppo 217-2290

Thompson, G.A., 1966, Unpublished Gravity Survey of Dixie Vall.y, Nevada.

University of Nevada, 1962, Geological, Geophysical, and Hydrological
Investigations of the Sand Springs Range, Fairview Valley, and
Four liile Flat, Churchill County, Nevada; Report to Atomic Energy
Commission for Shoal Project, Vela Uniform Program, 127 pp.

Wahl, R.R,, 1965, An Interpretation of Gravity Data from the Carscon Sink
Area, Nevada; M. S. Research Project, Stanford University.

Wyllie, M.R.J., Gardner, G.H.F,, and Gregory, A.R., 1962, Studies of

Elastic Wave Attenuation in Porous Media; Geophysics, Vol. 27,
pp. 569-589.

Zbur, R.T., 1963, A Geophysical Investigation of Indian Wells Valley,
California; U. S. Naval Ord. Test Station Techn, Publ. 2795.




all

fpciar i aaedd

Eidesuis St s

4 PART 1I.

SEISMIC REFRACTION STUDY OF A FAULT ZONE
IN DIXIE VALLEY, NEVADA

Fiuiin iy

Gl L il

by

Alan T. Herring




CaldSii ity

TR T

T

T

ABSTRACT

Seismic refraction was used in Nevada to study the fault zone
bounding the alluvium on the west side of Dixie Valley and the crystal-
line basement on the east side of the Stillwater Range. Seismic refrac-
tion profiles utilizing patterns of air charges were suwcessful on the
high alluvial fan where, a year previously, charges planted up to a
hundred feet below the surface in the dry fan material failed to yield
usable refraction records. Profiles were shot parallel to the strike
of the fault zone so that a special method of interpreting side refrac-
tions had to bve derived. The derived tech.iique should be useful in
studying faults in the Nevada Basin and Range province or anywhere that
similar geometry is suspected. Four normal faults with dips between
55 and 70 degrees were found and delineated. Rather than a single steep

drop-off, the faults form a series of steps descending to the deepest
part of the valley.
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I. INTRODUCTICN

L A section of a major fault zone partially exposed on the west side
of Dixie Valley (Fig. 1, Part 1) was studied in detail with seismic refrac-
tion techniques. Both the valley and faulting appear typical of the Basin
and Range Province. The latter is of particular interest becuause of recent
1 displacements associated with the 1954 Dixie Valley earthquake. The inter-
‘ pretation of the survey is noteworthy because the velocity structure limits
: the applicability of classical seismic refraction metnods of analysis.

The pre-Tertiary granitic and metamorphic rocks on the west side of
the fault are well exposed in the rugged Stillwater Range. The geology
(Fig. 2, Part I and Fig. 1) is taken from Page's 1965 map. On the east
side of the fault a seismjcally perverse boulder and pebble fanglomerate
: overlies interbedded volcanic flows, ash, and sediments of Mioccene through

Recent age.
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II. FIELD WORK, EQUIPMENT, AND TECHNIQUE

The field work for this paper was done in the summer of 1965. The
geophones used were nine l-cycle geophones and sixteen 2-cycle geophones
manufactured by Halli Sears, Inc. The recording equipment (amplifiers and
camera) was a SIE GA 33D, 24-trace, seismic system. The unit was built
into a cabinet that was bolted semi-permanently to the inside of a
Chevrolet four-wheel-drive Carryall. Four 1200-ft, 24-conductor cables
were used; two manufactured by Vector, the others by Tesco. All of the
shots made for this study were air shots using Dupont Nitramon.

The shot instant was transmitted on a radio frequency of 27 mega-
cycles by means of Citizen's Band transceivers. A steady, 700-cycle-per-
second, audio signal was generated by a specially built "ghot-point
modulator,” which emanated a steady audio signal until the electric pulse
detonating the charge caused the audio signal to abruptly cease. 7he
audio signal was transmitted to the recording truck where the stezdy sig-
nal and the abrupt cut were recorded on the seismic record. Shot times
determined in this fashion were estimated to have an accuracy of +2 to

+5 milliseconds, depending on radio noise conditions.
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III. ENERGY SOURCE--AIR SHOOTING

Energy coupling was a major problem. In the field season of 1964
it was found that drilling in the alluvial fan was difficult because of
the many large granite boulders. Once a hole had been drilled in the
fan and a charge buried and detonated, the energy coupling was unsatig-
factory, particularly as the water table was never reached on the fans.
An attempt was also made in 1964 to map the fault by setting charges
into holes drilled in the outcropping granitic basement rock nn the west
side of the fault, and recording with the geophones placed on the alluvial
fan in a line perpendicular to the fault. This too was unsuccessful. It
gshould be added, however, before all credit for the good records obtained
in 1965 is given to the method of air shooting used that year, that in
1965 the 1- and 2-cycle geophones were first used. In 1964 smaller
4 1/2-cycle geophones were used and apparently (from comparable profiles
shot in the two different years) had an appreciably lower output than the
former.

The use of multi-charge air shooting was suggested to L. Meister
and the author by "The Poulter Method of Geophysical Exploration"
(Poulter, 1950). Buffet and Layat (1960) discussed the energy coupling
problem and air shooting as they apply to refraction work (Poulter was
concerned mainly with reflection problems). The following procedure was
used by the author: charges were suspended eight feet above the ground
on wooden stakes tied to steel fence posts. As many as seven 20-pound
charges were suspended on poles, each 50 ft from any adjacent pole; the
smallest charge found to produce satisfactory results on the hkigh alluvial
fans was 20 pounds. Care was taken to suspend the charge at least a foot
above the steel post in order to avoid damage to the post so that it
could be re-used. Two 20-pound charges spaced about 50 ft apart were
found to be more efficient than a single 40-pound charge. A similar
observation was made by Buffet and Layat (1960). The blast from a 20-
pound charge suspended eight feet above the ground causes practically no

permanent distortion of the ground immediately beneath it. A 40-pound
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charge suspended at the same height makes & wide, shallow crater. It was

further observed that air shooting was superior to shooting in holes only
whete there was a considerable thickness of porous, loosely compacted,

and often poorly sorted surface materials. A charge placed below the water

table in a dritied hole would generally be expected to give a better record
than the game charge detonated in the air.
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IV. SIDE REFRACTION

Ordinarily, seismic refraction profiles can be interpreted as if

the ray paths of the refracted energy all lie in a single vertical plane

which contains the line of the profile. This interpretation is correct

provided the refractors are all either flat lying or are striking perpen-

dicular to the direction of the profile. Due to the nature of the prob-

lem under study, it is necessary to coasider the case of energy refracted
from an interface that strikes roughly parallel to, and dips toward, the

line of the profile; this case is hereafter referred to as a side refrac-
tion.

Fig. 2 illustrates that the problem is not easily reduced to a

single plane., The figure simplifies the situation somewhat in the sense

that interfaces are not expected to be so nearly planar, but it illus-

trates an important difference between normal and side-refracted ray

paths. Although the diagram is intended to illustrate a general case, it

was constructed to fit closely the situation being considered: the velo-

cities used in the construction of the diagram are V. = 6000 ft/sec,

0
v, = 10000 ft/sec, and V, = 16000 ft/sec. The dip of the fault is 60°.

Energy refracted from the VIVZ interface (FF'GG', which dips at

an angle of GF and strikes parallel to the line of the profile) travels

in two planes. These planes can be determined from the iaw of refraction

stating that the refracted ray lies in the plane formed by the incideat
ray and the normal to the surface at the point of incidence.

The ray segment CD, which is the portion of the ray path along the

VlV2 interface, is defined by the intersection of the interface and some

plane which passes through the line of the profile, That is, CD is

parallel to the line of the profile.
The ray segment BC must lie in a plane perpendicular to the V1V2

interface which passes through the ray segment CD (i.e. the plane DD'RR').

The angle ec is measured from a line perpendicular to the V1

V2 interface
and is the critical angle OC = sin-1 (VI/VZ)'
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Now consider the VOV1 interface, IJKL. The ray AB must lie in a

-8-

.

plane determined by BC and a perpendicular to the interface erected at

B (i.e. ABQQ'). The angle QR is measured in this same plane, and can be

expressed in terms of OC and the dip of the fault, O

P

Fig.3 shows an

expanded portion of Fig.2 that can be used to find an expression for QR'

Consider the following:

GF = Dip of V1V2 interface or fault
= -1,
8, = sin \/1/v2
QT = Acute angle formed by Q'A and the line of the
profile (sec Figs.2 and 3)
sin QF = b/h cos GF = 2/h
cos 8, = h/y
sin 8p = z/y cos 8 = Ly
cos eR = _ = cos QF
cos 8 k
c
cos QR = cos Qc cos OF
sin gR =/ 1-c052 ¢ cos2 8
c F

sin GT = b/z

sin @, cos 6, = b/y

sin QT

sin 8_ cos ®
= F c

sin QR

(1)

(2)

Clearly now, the angle Gc' will depend on GR according to Snell's

law.

sin ©

.
.

lo

<<
y—

<3

= — sin GR

<
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1 - cos2 9 cos2 e_!
c F

<|<
(=]

sin 8 ' =
c

1
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Alternatively, it can be easily seen that the velocity at which a
plane wave, perpendicular to AB, moves down the geophone line will depend

on VO’ GT, and Qc: the velocity, V can be expressed as

Yo

]
cos QT sin © c

V=

As the Vlv2 interface is parallel to the line of the profile, V should
equal VZ‘
From ejquations 1 and 2
2 2

2 sin GF cos Gc
cos 6_=1-
T 1 - cos> 0 cos> @
cos” 9, cos 8
1 - cos2 e c052 e, - sin2 e cos2 8
- c F F c
1-cm29 cmze
[ F
sin2 e v
- c _ ( 1 )2
sin® 9 Vo 8in G
R
cos O = vl
T V2 sin OR

Yo
. . 2
: gin Oc v gin GR
| 1
|

\'J
|
| Ve ey
| 0°" "R 1
V1 V2 gin QR
v=yV

%

- NN
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As V = VZ’ it is concluded that the ray path previously derived is
correct.

The important conclusion to be drawn here is that a side refraction
problem of this type cannot be reduced to two dimensions without error.
The magnitude of the error will, of course, depend on the particular
problem, Figs. 4 and 5 illustrate the amount of error that would be
incurred if a simplification were made whereby the line of refraction from
the V1V2 interface is assumed to lie along the intersection of the fault
plane and a plane perpendicular to the fault plane (dipping 90 - GF or 30°
in this case) which passes through the geophone line (DlDl'RlRl'). For
purposes of depth calculation this assumption would be convenient. The
refractor would be assumed to lie tangent to a circle with its center on
} the line of the profile and a radius determined from the standard intercept
E_ time formulas. 1In Figs. 4 and 5, FlFl'GIGI' is the position of the plane
i FF'GG' that would be obtained if such an interpretation were made.

The magnitude of‘the error encountered in making this simplifying
assumption would, in practice, depend on the thickness of the low speed
3 material lying above the V1
Given thickness d and R (Fig. 5) and the velocity of the three media, it is

refractor as well as the angle of the fault,

possible to calculate, as a function of the dip of the V interface, the

v
i'2
g locus of points where first arrival of energy would be expected to be
refracted from the quZ interface at various angles of dip. The concept
s of delay time (Nuttleton, 1940) is centrai in the following reasoning.

1 Consider Fig. 2 and the following: the delay time in the V0 medium is

t S
D R e o —
t Vo V2
D = d D tan 6
- -
t Vo cos Gc V2

Where Oc' can be seen from previous discussion to be an angle that varies

with the angle SF' Gd can be related to Oc‘ and BT by using Fig. 3:
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sin Qd = s
cos 0 ' d
c
. v - 8
cos OT tan Qc 3

. = ' '

sin Gd cos Gc tan QC cos QT
. - . 1

sin Gd sin GC cos QT

tan Qd =

i —
$in 84 /' sin 0

If QF = 0, then we have the standard case of three horizontal layers,
The delay time in the first medium is

D —————————— et
t /.2
2 = —— -
d_02 7 vy - VoIV,

S

except in the case where GF =0 (D02 = Dnoz), D02 is greater than Dn02 due

to the greater distance traveled in the V0 medium. R' will therefore be

less than R (Fig.5) and using the form of the expression for depth in the

second medium (i.e, Z = D12 Vllcos Qc) and noting that D12 is diminished

by an amount (D - Dn)’ we can write

Oy, = D02) ¥y
cos U;

R':R-

From Fig.5 it is evident that the locus of side refraction points for vary-

ing angles of dip can be written &s parametric equations in x and y where
y is positive downwards.

)

' K - 2 ]
x = d tan QA + R' sin GF where tan QA sin Qt tan Qc
y =d + R' cos QF
A

simple computer program has been written to calculate the points on

the locus for angles of dip ranging from O to 90 degrees in 5-degree

increments, given three velocjities, d, and R. Extremely useful templates

can then be made for solving side refraction problems.
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V. INTERPRETATION

A. Correction of Data and Sources of Error

Fig. 1 shows the location of six seismic profiles. The interpre-
tations of the IXL profile and the West Road profile were made by Meister
(1967). Interpretations of E53, E54, E55, and E56 were made by the writer.
Profiles E53, E55, and E56 were positioned as nearly parallel to the 1954
earthquake fault scarp as was possible. Care was taken to keep the shot
points of a given profile on a straight line with the geophecne line.

The survey data is sufficiently accurate for the problem being
considered. Locations of geophones at the middle of the line where the
spread crosses the road are known within approximately 4+ 10 ft. Geophone
spacing averaged 198 + 2 ft. Near the ends of the spread geophones may be
off line by as much as 15 ft. Distant gshot points may be off line by as
much as 50 ft. Distances were measured using stadia and are probably
accurate within 2 per cent. Some elevation differences were taken with an
altimeter and may be in error by as much as 5 ft. Perhcps the greatest
source of error is the incomplete knowledge of velocity distribution above
the 16,500 ft/sec basement.

With the exception of the West Road profile, all the profiles shown
on Fig. 1 rest on a topographicaily irregular high aliuvial fan. Work
done by Meister and Cabanigs in 1965 near IXL Canyon using a small, six-

trace '"'GeoSpace Corp." seismic interval timer suggests that the "weuthered”

layer ieg commonly somewhat irregular in thickness and velocity. In general,
however, the thickness of low velocity material increases toward the west
with the increasing elevation of the fan (Fig. &4, Part I).

Using available weathering and sub-weathering data, E53, E55, and
E56 have been corrected to flat datum planes resting on 6500 ft/sec sub-
weathering alluvium. E54 was corrected to a sloping datum in order to

avoid large corrections. Weathering corrections were performed using the

standard formulas of Nettleton (1940). The sub-weathering layers are

assumed, for purposes of calculation, to rest on a 10,000 ft/sec layer
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which should be roughly equivalent to the top of the Tertiary section of
interbedded volcanic and sedimentary rock. It is realized that neither
the 6500 ft/sec layer nor the 10,000 ft/sec layer are as seismically
homogeneous as the model suggests. Velocity reversals almogt certainly
occur in the Tertiary section because of its interbedded nature. Also,
higher velocities than the model velocity have been obgerved in both
layers: as much as 8000 ft/sec in the sub-weathering and up to 13,000
ft/sec in the interbedded Tertiary section. The simplification made in
assuming these two average velocities is both expedient and, with the
information available, reasonable. The granitic basement velocity has
been reversed several times in the map area of Fig. 1 and found to be
16,500 ft/sec. When attempting to obtain a true velocity, care was taken
that the segments of the travel time curve being considered actually
represented the same gegment of the refractor. This generally involved
drawing ray paths and using segments of the two time-distance curves from
opposite ends of the spread.

The method of shooting should be evident from Fig. 1. The geo-
phone spread remained fixed and shot points were placed on straight lines
extending from the spread at increasing distances from the geophones.

The method of delay times was used in making the interpretation. Error

due to pogsible structure in the space between shot points is expected to

be no more serious than other sources of orror inherent in seismic refrac-
tion work. Preliminary interpretation of each profile was made as if the
refracting rays traveled in a vertical plane through the lire of the pro-
file (Figs. 6, 7, 8 and 9). Side refracticn templates were then constructed
as described in the previous section and cross-sections such as Figs. 7 and

10 were then drawn.

B. Special Techniques Used in Interpretation

Ag three of the profiles considered here were overlapped by a fourth
(i.e. E54), it was, in many cases, possible to overcome some of the uncer-

tainty inherent in the method of dividing the intercept time in half and
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calculating a depth to an interface as if the depth were the same beneath
the shot point and the geophone. The interdependent nature of all six

of the profiles shown in Fig. 1 affected the delay times found for some

of the southern shots of both E53 (Fig. 6) and E54 (Fig. 7). The shallow-
ing of the 10,000 fr/sec material at shot N3 of E56 (Fig. 9) is supported
by the IXL profile and an anomalous delay time.

Another technique that has been found tc be helpful is to super-
impose, on a light table, the time-distance curves associated with differ-
ent shots on one side of a particular profile. In this way the points on
a particular time-distance curve could be more easily essociated with their
proper refractors. The rcasoning used in doing this is as follows: as the
spread remains stationary, refraction arrivals for a given plane interface
will always give the same time-distance curve, plus or minus a constant
time due to the difference in distance of the shot point from the spread.
Therefore a systematic approach to separating refractors is to begin with
a time-distance curve of a distant shot which in most cases would be known
to show entirely basement arrivals. This curve could then be superimposed
on a curve made from a shot on the same side of, but closer to the spread;
points associated with a lower velocity refractor would then be easily
recognized. This method is especially useful when the surfaces between
refractors are irregular and cause irregularly shaped time-distance curves.
Also, it should be noted that what amounts to second arrival refraction
times can be found using the same method of superimposing time-distance
curves

Intercept times associated with delay times of the geophones nearest
the shot can then be found for the close-in shots, which ghow basement
first arrivals oniy on the most distant phones. When this is the case,
the delay time for one or all of the close-in geophones must be just half
the intercept time. Sometimes a ray path construction is necessary to find
the particular geophone witi. a delay time theoretically equal to that of
the shot point.
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C. Profile E53

Fig. 6 is the interpretation of profile E53 which was first made
ags 1f the refracted energy of all the shots of E53 traveled to the geo-
phones in the same vertical plane. The energy arriving from the

16,500 ft/sec material was clearly side refracted and in Figs. 7 and 10
suitable corrections have been made using the method of handling side
refractions.

The depth to the 10,000 ft/eec layer is based on the assumption
that the 13,000 ft/sec arrivals from shot N1 represent & 10,000 ft/sec
layer dipping toward the shot., Possibly there is a 13,000 ft/sec layer
below the 10,000 ft/sec layer and no dipping layer, buc the following
evidence favors a 10,000 ft/sec dipping layer: on profile ES55 a
10,000 ft/sec velocity is observed and reversed. Its depth agrees with
the depth calculated for the 9000 ft/sec velocity shown on profile E54
where again a 10,000 fr/sec true velocity is assumed, but not reversed.
The dipping 10,000 ft/sec layer assumed on E54 ties well with the depths
calculated at E53, ES55, and E56.

The irregularity in the top of the basement (16,500 ft/sec layer)
wag calculated from the amount of departure of the bagement first arrival
times from a straight line (16,500 ft/sec) drawn through them. The
similarity in the time-distance curves for a given side of the spread
suggests that the irregularity in the time-distance curves is due to
irregularity in the basement or in the thickness of overlying layers
rather than poor first breaks. The northward deepening of the 10,000 ft/sec
layer was considerea in calculating the configuration of the 16,500 ft/sec
interface.

Since Lasement arrivals were observed on both S1 and Nl, there was
lictle ambiguity in the depth to basement beneath the geophones. Once this
depth had been calculated, geophore delay times were available to be sub-
tracted from the intercept times of shots more distant from the spread, thug

yielding shot point delay times from which a depth to basement beneath the
sheot could be calculated.
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D. Profile E54

The data obtained from profile E54 and that of the other four
profiles shown in Fig., 7 were combined to construct a cross-section
along E54. The arrival times observed on E54 were corrected to a
sloping datum which very nearly approximated the ground surface. The
sloping datum used is marked "GROUND SURFACE" ian Fig. 7.

The 7500 ft/sec velocity observed on the record of shot point Wl
is believed to be a thin, discontinuous interbed below the water table
but above the 10,000 ft/sec layer. The existence of such an interbed
is unimportant in the determination of a depth to basement. The
9000 ft/sec velocity observed on the record of both Wl and W2 is a
down-dip apparent velocity on the 10,000 ft/sec layer.

The 13,000 ft/sec velocity is a down-dip apparent velocity of
the 16,500 ft/sec basement. On both El and E2 the water table velocity
of 6500 ft/sec is observed as well ag two early arrivals on the most
distant phones which show an apparent velocity of 34,000 ft/sec. These
high speed arrivals are most likely basement arrivals and may be the
result of diffraction from the fault directly under E55. Total travel
times calculated from both El and E2, using the interpretation shcwn in
Fig 7 and assuming the high speed arrivals were basement arrivals, were

within 20 milliseconds of the actual observed arrival times.

E. Profile ESS

Profile E55 (Fig. 8) is parallel to and about 1600 ft east of E53.
The small iatercept times noted at S1 and N1 indicate a shallow bagement.
After considering the position of ES55 in cross-gsection (Figs. 7 and 10)
and the intercept timesg at the six shot points and the depth they imply,
it wag concluded that side refraction does not occur on this profile. The
method of interpretation was very similar to that of E53 except that gide

refraction corrections were not necesgsary.
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F. Profile ES6

The interpretation of E56 is complicated by the structure in the
layers above the basement. Delay times in the three layers above the
bagement were calculated at several points along the profile before
the solution shown in Fig. 9 was reached.

It is not certain if side refraction occurs under the geophone
line of E56, The interpretation given in Fig. 7 assumes that it does
not. As interpreted in Fig. 7, first arrivals must come from the bage-
ment directly under E56, but if the fault directly under E55 were moved
200 ft east, first arrival side refractions would be possible. 1In
either case (i.e., the energy is or is nnt side refracted), the geophone
delay times at E56, combined with the data from E55 and the West Road
profile, place sharp constraints on the possible basement configuration
below E56.
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VI, CONCLUSIONS

The technique of air shooting proved to be rapid, relatively

inexpensive, and effective. The blagts cause no pain to the ears of

the shooter, so air shooting is not an unpleasant or excessively
dangerous technique to use.

The theory developed on side refractions was effectively used
in constructing the cross-sections shown in Fig. 7 and Fig. 10. The
templates that can be made using the computer program should be use-
ful in any situation where side refractions are likely.

From the point of view of structural geology, it is significant,
although perhaps not surprising, that four major faults in the basement
were found rather than only the one evident at the surface. The dips
of the faults are steep. Within the restrictions of the data as it has

been interpreted, the dips may range from 55 to 70 degrees. Dips out-
side this range would not fit the data. .
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ABSTRACT

Interpretation of an aeromagnetic survey flown during 1964
suggests that the pre-Tertiary magnetic basement under Dixie Valley,
Nevada, forms an asymmetric, ccmposite graben. The deepest component
block is approxim ‘2ly 5 km wide and lies under the western half of
the valley at an average depth of 2 km. Bordering *shelf'" blocks are
downthrown with respect to adjacent ranges, but to a lesser degree.
Depth estimates imply, in addition, that the eastern shelf block is
broken by several NW-trending transverse faults of 300 to 600 meters
displacement.

The magnetic expression cf contacts beiween a Jurassic gabbroic
complex and other basement rocks is traceable across bothk northern
and southern Dixie Valley. An absence of appreciable horizontal off-
set of this contact across the major Basin-Range faults indicates that
post-Jurassic displacements have been primarily dip-slip. An apparent
right lateral offset of 2-3 km wmay exist along the eastern side of
the deepest graben block, however.

Models computed from a2nomalies over the southern gabbro contact
tend to verify earlier geologic inferences that this intrabasement
compiex is of lopolithic form. The apparent northward displacement
of the gabbro contact in the Clan Alpine Range from the subsurface
contact in eastern Dixie Valley may reflect an uplift of the range,
relative to the Valley block, with subsequent erosional stripping of
the tapered lopolith.

Satisfactory alternative solutions of an equidimensional anomaly
in southeasilern Dixie Valley are either a volcanic cone or an equidi-
mencional volcanic remnant. Roth computational models overlie the

gabbroic complex and require a hrgh total magnetization.

*
Now at Mackay School of Mines, University of Mevada, Reno, Nevada.
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I. INTRODUCTION

Dixie Valley and the adjacent mountain ranges considered in
this paper are located in the western part of the Basin-and-Range
structural province and are bounded approximately by latitudes 39°20" N.
and 40°15' N., and by longitudes 117°30' W. and 118°30' W. (Part I,
Fig. 1).

Following the earthouake of December 16, 1954, Dixie Valley
and surrounding areas have been the foci of numerous investigations.
Effects of that dynamic display of tes:tonic activity and the avail-
ability of supplementary information centributed by investigators in
the various disciplines renders Dixie Valley particularly advantageous
for geophysical studies of Basin-and-Range structural problems.

Magnetic data were collected in Dixie Valley during 1964 to
help determine the structural history and subsurface geometry of that
basin. Of primary concern in this investigation was the establishment
and tracing, by means of magnetic measurements, of a geologic contact
which is intersected by the major fault systems of Dixie Valley. The
magnetic expression of displacements on this contact establishes
whether shazllow crustal faulting throughout the Cenozoic era has been
principally of a normal sense as the 1954 scarps and strain data
suggest (Slemmons, 1957, Meister, personal comm., 1966) or, alterna-
tively, whether movement in a strike-slip sense has been of major
significance (Sales, 1966, Romney, 1957).

A secondary objective was to examine, through gradient
analyses, the general configuration of magnetic basement under Dixie
Valley, both as an aid to programming subsequent seismic refraction
work, and as a means of extrapolation between seismic profiles. An
additional aspect, investigated through computational models, was the
intrabasement geometry of a gabbroic complex expnsed in adjacent
mountain ranges.

Previous geological work in Dixie Valley and adjacent mountains
has been primarily concerned with surface mapping, subsurface studies
being limited to hydrologic investigations from shallow well data

(Cohen et al.. 1963). The stratigraphy and structure of the extreme
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north end of the project area have been discussed by Muller and cthers
(1951). Of particular value to the present project has been recent
mapping of the Stillwater Range and parts of the West Humboldt and

Clan Alpine ranges by Page (1965) and Speed (1963).

geophysical studies in and near the regior of interest have been

Previous

limited to a gravity survey of Dixie Valley (Thompson, 1959,
unpublished), a recent gravity survey of the Carson Sink-West

Humboldt area (Wahl, 1965), a complete geclogical-geophysical investi-
gation of tnc Sand Springs Range, Fairview Valley, and Fourmile Flat
area to the soutih of Dixie Valley (Nev. Bur. Mines, et al, 1962), and

to seismological investigatious of the December, 1957 earthquake (Romney,
1957, Cloud, 1957)




I1. COLLECTION AND REDUCTION OF DATA

Magnetic tctal intensity measurements were taken with a Varian
Model M-49 anuclear precession magnetometer adapted for aercmagnetic
use. The instrument package, mounted in a light aircraft, was con-
nected through 31 meters of suspension and transmission line to the
sensing unit. It was found that this cable length effectively eliminated
magnetic interference of the airplane, regardless of flight orienta-
ation. Actuation of the polarization-readout cycle was effected manually
by an operator at ten second intervals determined by a stop watch.
Station values accurate tc¢ =5 gammas and pertinent location information
were recorded by a third person in the aircraft.

Positioning of flight lines was controlled by establishing a
series of ground reference points over which the pilot would fly,
indicating to the recorder when they were crossed. In the subsequent
plotting of data, statinn points were distributed linearly between
reference locations, compensating for variations in groundspeed.
Locations accurate to approximately +100 meters were obtainable by
this method. With minor exceptions, flight lines were flown at a
barometric elevation of 1280 +15 meters above sea level. This elevation
corresponds to an approximate height of 215 meters above the valley
floor. Departures from this elevation were necessary only over

isolated alluvial fans at the basinal margin.

During periods of aeromagnetic measurements, a continuous
3
monitor of total intensity was recorded by Varian Associates in

Palo Alte, Califosrnis (37030‘ N., 122°%05" W.). Diurnal and transient

variations appearing on those records wer

YO

& compensated for in all
survey data.

A linear gradient of 1.2 gammas/km in the direction N30E was

Gl s o D aiont i

assumed as a regional corrective factor for all magnetic data (U,S5.C. &

G.S., 1955). After application of space and time dependent corrections,

crossing profiles generally agreed to within 15 gammas. This value

closely approacnes the inherent standard deviation error in the survey,
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and in view of the 50-gamma map contour interval desired, no further

statistical adjustments were made to data within the survey grid.
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I11. GERERALIZED GEOLOGY AND MAGNET1C UNITS

A comparison of the total intensity isoanomalic map (Fig. 3a)
and of a profile flown along the crest of the Stillwater Range (Fig. 2)
with mapped geology (Fig. 1) reveals that the numerous rock units
mapped by Page (1965) and Speed (1963) in that and other ranges from
these includes sedimentary rocks of Upper Triassic age and overlying
welded tuffs, latite, and rhyolite. An average total intensity
ancmaly over this unit is approximately 200-gammas above the magnetic
base level of 53,150 gammas observed in the area farther souch
(U.S.C. & G.S., 1955). Bordering these rocks on the north, a second
magnetic unit, of late Jurassic age, is composed of heterogeneous
gabbroic intrusive rocks and basalt, which generate a strongly undula-
tory anomaly averaging approximately 500 gammas. The third magnetic
unit of significance, unexposed in the ranges, borders the aforementioned
gabbroic suite on the north. The magnetic expression of this mega-unit,
of comparable magnitude but lower relief, suggests it is more homo-
geneous than the gabbroic complex.

Triassic rocks of the southern magnetic unit in the Stillwater
Range are exposed generally south of latitude 39050' N. They occur
as gray-black, grayish-weathering slates and phyllites. Over the
greater part of the exposure, only incipient recrystallization is
evident although exceptions do occur near granite contacts. Complex
deformation of these rocks precludes direct measurement of their
thickness; however, estimates are between 1500 and 3000 meters (Page,
1965). Fossils collected in this marine unit indicate that it is of
Upper Triassic age.

South of latitude 39040' N., the Triassic slates are unconform-
ably overlain by a number of magnetically similar volcanic units.
These are shown as undifferentiated devitrified welded tuffs, rhyolite,
and latite on Fig. 1. Of nonmarine origin, these rocks may range in
age from late Jurassic through early Tertiary. The composite

thickness of this sequence is as much as 4800 meters (Page, 1965).
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Figure 1.

Generalized geologic and geophysical map of the
West Humboldt, Stillwater, and Clan Alpine
Ranges, Nevada. Surface geology adapted from
Page, 1965, and Speed, 1963. Subsurtace
structures inferred from geophysical data.
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The second magnetic mega-unit is exposed north of latitude
39°50" in the Stillwater Range. Intrusive rocks of this unit form
a heterogeneous gabbroic assemblage which includes diorite, gabbro,
picrite, anorthosite, diabase, keratophyre, and gabbroic pegmatite.
Along margins of the intrusion, differentiation layering has been
noted. A potassium-argon age determination from similar rocks in the
West Humboldt Range indicates the complex is probably of Late Jurassic
age (Speed, 1962 a, b). Closely associated with the intrusive gab-
broic complex are large areas of altered basalt which appear to be
co-genetic and perhaps contemporaneous with the intrusive suite.
Speed suggests the entire complex, of lopolithic form, was emplaced
at shallow depth, locally erupting to form the associated effusives

Along much of the Stillwater crest, the gabbroic unit is capped
by Tertiary flows and pyroclastics of rhyolite, dacite, latite, and
andesite. Dissection of the flows exposes a total thickness of about
550 meters. Approximating a thin plate geometry, these rocks exhibit
an apparent magnetic transparency.

In Dixie Valley proper, as in many other valleys of the western
Basin-and-Range, great thicknesses of late Cenozoic lake and stream
deposits have accumulated. These range in age from Pliocene to

Recent and include alluvial fan detritus, channel deposits, and

lacustrine sediments. For the most part, the lake sediments consist
of silt and clay although shoreline deposits of gravel and sand

g exist locally. For :the purpose of this investigation, complexities
in this sequence are ignored; it is considered as essentially non-

magnetic valley fill.
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IV. DETERMINATION OF MAGNETIC PARAMETERS

In order to assigr representative parameters to the various
magnetic units, methods of approach were employed which depend both
on inferences derived from total intensity profiles and on individual
rock samples from the region. A limited number of samples were
collected by the writer and by R. C. Speed from the Clan Alpine,

West Humboldt, and Stillwater Ranges. From cores cf these specimens,
volume susceptibility, magnitude of remanent magnetization, and
density were determined (Appendix A). High average values of re-
manence, particularly in the gabbroic complex, dictated the applica-
tion of methods which consider that property. The general method
adopted has its basis in techniques discussed by Green (1960), and
Hays and Sharon (1963) which establish an equivalent susceptibility
contrast between adjoining magnetic units.

Resulting magnetization 3 over contiguous units 1 and 2

1,2
can be expressed by

31 =”i>1 + K, TO (1)

and 32 = ?é + K2 TO (2)

where K = volume susceptibility, ? = remanent magnetization, and';i‘o
is the geomagnetic field intensity. A relative contrast of magneti-

zation is then given by
Jo= @ - B + & -k)F (3)

This relative intensity contast is equivalent to that produced by a

volume susceptibility contrast of

, in the particular case %)
0 of jt -'1‘0

The value AKt is referred to as an equivalent susceptibility contrast.
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Application of this expression in the present study assumes
components of magnetization in all units are parallel to the present

inducing field, and further, that reversal of permanent components is

not of importance in the area of interest. These assumptions are

necessary in Lhe absence of detailed sampling. In addition, the Triassic

slate is assumed to have negligible remanence.

With these constraints
on the method, equation (3) becomes

3: = ?gb + (Kgb - K_) ’fo (5)

where the subscripts gb and so refer to the gabbroic and southern
magnetic units respectively.

Using only the average anomaly over the magnetic units, a lower
limiting v-~lue of either K or AK may be established by use of the
following expressions (Redford, 1964):

AT
K, = —5 (62)
’m T, sin?i
-5
bK, = AT (6b)
2% %Osin i

where i is field inclination. Equation (6a) determines a minimum

equivalent susceptibility over an infinite magnetic basement, whereas

e2quation (6b) provides a minimum equivalent sunsceptibility contrast
between two semi-infinite magnetic bodies of differing magnetizations.

The former was used in this investigation to determine a veluc of K

n =
so

~ -6 .
700 x 10 ~ cgs for t“2 southern magnetic mega-unit. Because this value

clearly represents a ninimum, a Kso value of 1000 x 10.6 cgs was assumed

for calculatiun of an equivalent contrast between the southern magnetic

unit and the gabbroic complex. Insertion of this Kso-value and an

average of measured gabbro susceptibility and remanence (Appendix) into
_ -6
(5) yields Kgb-so = 2700 x 10 ~ cgs.

1f equation (6b) and a AT value of 300 gammas (Figs. 2 and 5)

are used to determine Kgb-so’ a minimum value of 1050 x 10.6 cgs is




obtained. The best typical value of Kgb-so most probably falls between

this and the value determined using rock sample analyses; model computa-

tions in this investigation assume, therefore, an equivalent susceptibility

, -6 .
contrast of 2500 x 10 ~ cgs across this contact.
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V. INTERPRETATION OF MAGNETIC LATA

A. Qualitative Interference

Dominating the center f the total iutensity map (Fig. 3a)

‘ is a broad region of sharp anomalies exhibiting numerous closures of
high magnetic relief. General characteristics of "fabric" and dipolar
effects of this zone are even more discernible through an appropri-
:re second vertical derivative filter (Fig. 3b). It should also
be noted that the average magnetic base level cver this region is
app >ximately 300 gémmas higher than over the adjoining area south
of 59%45' N (Figs. 2 and 3a). The southernmost margin of this
undulatory magnetic "plateau" is marked by a lirear gradient
trending N 45 W at this latitude. Where the inflection line of
this gradient intersects the Stillwater Range, it is nearly coin-
cident with the mapped exposures of the gabbroic complex, suggesting
that the high average level and magnetic topography to the north
are correlative with the complex. Additional evidence of this
correlation is furnished by a profile flown along the crest of
the Stillwater Range, where a similar shift in magnetic level
over the southern gabbroic edge is noted (Fig. 2). Figs. 1 and
3 show the position of the gradient inflection and inferred gabbro
boundary across Dixie Valley.

Control on position of the northern contact of the complex
is less exact in that a comparable shift in magnetic level is not
observed. An approximate bcundary can be established, however, by
correlating the northernmost extent of the undulatory magnetic
province with exposures of gabbro in adjacent mountains. A line
indicating the inferred position of the contact trends roughly
S 80 E from latitude 40°00' in the Stillwater Range.

Extending northeasterly along the axis of Dixie Valley is
a longitudinal, linear trend of anomalies of relatively high
amplitude. To the west, approximately 4 km from and paralleling

the east flank of the Stillwater is a second elongate anomalic
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DIXIE VALLEY, NEVADA
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Figure 3. Magnetic total intensity and second vertical
derivative maps of Dixie Valley, Nevada.
Boundary of this map shown o Fig. 1.
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trend which is more subdued than the first. Along these longi-
tudinal zones, most prominent crosstrends are truncated or de-
flected. Coincidence of several such anomalies and their amplified
counterparts on the filtered map with faults located by seismic
refraction (Meister, 1967) implies they may be edge effects over
majoxr subsurface fault systems. Both seismically determined
locations and extrapolations of the faults are shown on Fig. 1.

By this interpretation, the basement under Dixie Valley is sug-
gestive of a composite, asymmetric graben whose deepest component
block is about 5 km wide and lies under the western half of the valley.
Apparent "shelf blocks'" bordering the main graben are downthrown
with respect to adjacent ranges, but to a lesser degree.

In addition to the longitudinal trends, several transverse
anomalies other than those discussed earlier are in evidence.
They are located for the most part over the eastern "shelf" and
trend obliquely (N 25 W) to the major features. Depth estimates
or this block and coincidence with projections of faults in
the Clan Alpine Range provide two lines of evidence that these
anomalies are expressions of transverse faulting.

There is little magnetic indication of large strikeslip
displacements along the longitudinai fault system of Dixie
Valley. This is particularly true along the western bounding
fault of the valley, where nc appreciable offset is noted
between the aforementioned magnetic inflection line and .z2rped
exposures of the gabbroic complex, implying that post-gabbroic
displacement (since Late Jurassic) has been primarily, if not
entirely, of a normal sense.

Along the central fault zone, exceptions to this gener-
ality do exist; there, several anomalies of transverse strike
are deflected 2 to 3 km in a right lateral direction (Figs. 1
and 3).
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B. Buasement Topography

In magnetic studies of sedimentary basins, techniques of
depth estimation are generaliy employed in order to establish
basement configuration. Most such methods operate on magnetic
gradients and are usually independent of rock parameters, requiring
only thac they remain constant within the assumed geometric model.
For the reconnaissance purpose of this study and in view of the
numerous dike-like bodies exposed in the neighboring ranges, the
method of Peters (1949) was applied to applicable »rofiles in
Dixie Valley. The factor by which Peters' "half-slope' index is

converted to depth was empirically determined from a control pro-
file over the Stillwater Range; & value of 1.35 was found to give
representative depths along the entire profile (Fig. 2).

Applying Peters' expression to depth indices from profiles
parallel to useable gradients, it was possible to construct a
topographic map of the magnetic basement (Fig. 4). Most striking
of the features revealed by this map is a longitudinal trough
whose axis is approximately 6 km from the parallel to the Still-
water Range. Close spacing of depth contours along the edges of
the trough lends confirmation to the fault-bounded graben mentioned
above. Both the longitudinal anomalic trends and seismic fault
locations fall within these closely spaced contours (Figs. 4 and
5). This interpretation agrees well with :hese /letermined
independently by gravity analysis (Thompson, unpublished) and by
seismic refraction studies {Meister, 1967).

Secondary features of significance on this map are the
apparent transverse ‘'steps" in the eastern half of the valley.

The most northerly of these steps trends approximately N 30 W and

displays 300 to 600 meters of verticai offset. A similar deflection
of depth contours is present about 20 km to the southwest,
suggesting a second transverse fault with displacemznt in the

same sense, but of approximately 300 meters.
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Firally, the basement map clearly delineates a roughly equidi-
mensional high in the southeast part of Dixie Valley, which coincides
precisely with a closed magnetic high of 500 gammas. Application

of the depth expression to the extremely steep gradients over this
feature indicates its top is between 60 and 150 meters below the
valley surface. A comparable depth to a 2740 m/sec layer was
subsequently obtained by seismic refraction (Meister, 1967). Total
relief of the "buried mountain" above the mean level of the eastern

valley block is roughly 600 meters.
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C. Model Representations of the Magnetic Units

A secondary objective of this investigation was to test a
hypothesis offered by Speed, who, on the basis of detailed surface
mapping, has suggested the gabbroic comr lex forms an elongate,
northwest trending body of lopolithic form (Speed, oral comm., 1964).
To investigate this possibility, a computational analysis of a N-S
profile (BB'on Fig. 5) over the southern edge of the complex
was performed using a Pirson graticule integrator for two-dimensional
bodies (Pirson, 1940). Utilizing the previously calculated suscept-
ibility contrast for this contact, a series of successive model
assumption-curve comparison operations yielded the tabular model
shown in Fig. 5. The associated intensity curve over this model
accords well with the two-dimensional component of the observed
anomaly.

Existence of such a tabular body is further substantiated
by indirect indications on the east side of Dixie Valley. There, the
magnetic expression of the subsurface contact is over 20 km southwest
of the nearest surface exposure (Fig. 1). Strike-slip movement
could produce a left-lateral displacement of this magnitude, al-
though it may equally well be attributed to Clan Alpine uplift and
subsequent erosional stripping of a lopolithic body. WNorthward
extrapolation of the lower gabbro contact shown on Fig. 5 would
place its depth between 3 and 5 km, implying a relative Clan Alpine
uplift of comparable magnitude to produce the apparent offset.

A second investigative approach was usad to study the dominant
magnetic “high" in southeastern Dixie Valley. For purposes of com-
putation, the three-dimensional component of profile gg' (Figs. 3
and 5) was smoothed and reduced to vertical intensity amplitude.

The resulting curve is similar to the anomaly induced by a vertical
field except for the usual asymmetry of total intensity at this
geomagnetic latitude i.e., a slight southward migration of the
maximum and a discernible minimum on the north. At this magnetic

latitude, the peak migration of either a point pole or point dipole
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Figure 5. Alternative solutions satisfying equidimensioral

anomaly in southeastern Dixie Valley.
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is only on the order of tens of meters (Smellie, 1956), a negligible
quantity when compared to the observed anomaly width of 12 km. As

a consequence, reduction to vertical intensity, while introducing

no appreciable error in solution, facilitates use of solid angle
charts developed by Nettleton for determining magnetic effects of
buried vertical cylinders (Nettleton, 1942).

Three-dimensional models depicted in Fig. 5 with associated
equivalent susceptibilities are constructed of superposed vertical
cylinders. Either model generates magnetic effects which are in
close agreement with the reduced observed anomaly. Fig. 5a
attributes the equidimensional anomaly to a volcanic cone of high
remanence and consequent equivalent susceptibility, whereas Fig. 5b
represents an erosional volcanic remnant with similar total
magnetization. The equivalent susceptibilities indicated for
these models are those necessary to satisfy the reduced anomaly.

In Fig. 5a, the feeder is assumed to contribute a negligible magnetic
effect. Both models are in reasonable agreement with gravity and

seismic measurements in this area (Thompson, unpublished; Meister,
1967).
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VI. CONCLUSIONS

This investigation supports the interpretation that base-
ment rocks under Dixie Valley form a composite, asymmetric graben,
which is roughly parallel to the valley axis. The inner graben
block is approximately 5 km wide and lies under the western half
of the valley at an average depth of 2 km. Between the main graben
and bordering mountain ranges are 'shelf" blocks, also downthrown
with respect to the ranges, but to a smaller extent. The eastern
shelf is broken by a series of NW-trending normal faults with
smaller displacements. This general configuration is in basic
agreement with seismic refraction studies and gravity measurements
in the area,

The contacts of an intrabasement gabbroic cowplex are trace-
able across both northern and southern Dixie Valley. No appreci-
able strike-slip displacements of the southern contact are in
evidence, except along the eastern side of the inner graben, where
a2 maximum cffset of 2-3 km may be present. This implies that post-
Late Jurassic movements on the major fault systems have been
primarily dip-slip. It is suggested that dip-slip movement on a
conical fault surface is responsible for minor en echelon struc-
tures observed at the surface.

A model computed from the anomaly over the southern gabbro
ccatact lends confirmation to an earlier suggestion that the
gabbroic complex is of lopolithic form. If a body similar to the
computational model is vertically displaced on a Basin-Range
fault, an apparent horizontal offset of the contact may result.

This mechanism is suggested to explain the apparent gabbro offset
along the eastern side of Dixie Valley, and requires a relative
dip-slip displacement of 3 to 5 km.

Additional computational models suggest the three-dimensional
anomaly in southeastern Dixie Valley may be generated by a volcanic
cone, or alternatively, by an equidimensional volcanic remnant;

either model requires a high equivalent susceptibility.
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APPENDIX

Physical Properties of Rock Samplea

Sample Rock Type Volume Permanent Density
No. Suscep- Magnetizstion in g/cc
tibility in cgs units
in cgs P x 104
unit36
K x 10

Southern Magnetic Mega-unit

1 Latite 100 1.76 2,51

2 Latite 910 0.00 2.49

3 Welded tuff 930 58.1 2.57

Average . . . . . . . . 646 20.0 2,52

Gabbroic Complex

4 Gabbro 2910 31.2 2.82

5 Gabbro 4120 21.9 2.74

6 Gabbro 680 17.3 2.82

7 Gabbro 160 0.017 2.87
8 Diabase 3570 9.79 2.81
3 9 Scapolotized Gabbro 3330 3.9 2.70
10 Gabbro 40 0.173 ».82
4 11 Albitized Gabbro 20 0.028 2.71
: 12 Anorthogite 1130 2.00 2.67
13 Peridotite 2790 12.5 2.99
14 Altered Gabbro 3700 12.6 2.87
12 15 Hydrated Basalt 420 2.22 2.71
b
3 AVEIagE « o + v o s & o o o o s 1906 9.47 2.79
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I PART 1V,
AERIAL PHOTOGRAPH SURVEY OF DIXIE VALLEY, NEVADA
by

Dennis B. Burke




ABSTRACT

Large scale aerial photographs of Dixie Valley, Nevada record
surface features in the alluvium that are associated with bedrock fault-
ing. The photogeologic study reveals a complexity of sub-alluvial
structure. Mapping of beach ridges of ancient Dixie Lake :gupplies a
measure of tilting and offset in approximately the last 10,000 years.

The pattern of faulting and the geomorphology, together with
data from geophysical investigations, indicate that the basin is a com-
plex graben, subsiding along multiple step faults. The graben shallows
and pinches out in the northern part of the valley. The structure is
less clear in the zouthern part of the valley but involves a shallowing
and possible change in trend of the graben.

Pronounced topographic asymmetry of the valley and adjacent
ranges is believed to have been caused by slight tilting of the region,

commensurate with normal faulting during crustal extension.
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I, PURFOSE AND PROCEDURE

The purpogse of this study was to determine, largely by the study
of aerial photographs, as much as possible of the structural history
and sub-alluvial bedrock structure of Dixie Valley, Nevada. ‘'This wao
accomplished by delineating surface features both in the a4lluvium and
at the bedrock-~alluvium contact which are interpreted as having resulted
from bedrock faulting at depth. Although interpretation of aerial
photographs was largely restricted to the alluvial fill of the valley,
some historically active faults were mapped in the bedrock of the adja-
cent ranges.

The shoreline deposits of pluvial Dixie lake were mapped and sur-
veyed to determine the symmetry of post-pluvial displacement in the
basin.

The study was undertaken to augment the investigations of Meister
(1967), Swith (1967), Herring (1967), and Thcmpson (1966), who simul-
taneously studied the valley by geophysical methods.




IT. INTRODUCTION

Dixie Valley, in west central Nevada, is a closed depression some
sixty miles long and as wide as twelve miles. It trends north-northeast
and is bounded by the Clan Alpine and Augusta Mountains on the east and
by the Stillwater Range on the west. To the south, the valley1 rises to
an indistinct divide separating it from the smzller closed depression of
Fairview Valley. At the northern end of Dixie Valley, the depression is
bifurcated by the Tobin Range into Jersey Valley on the east and Pleasant
Valley on the west. The low Sou Hills partially separate Dixie from
Pleasagt Valley, although the major drainage continues through them to the
south,

Like most of the Basin and Range province, the area has low and

sporadic rainfall, sparse vegetative cover and wide daily and yearly tem-

perature variations. Hot springs are common, especially at the foot of

e

the ranges but occasionally well out in the valley. The valley has the
characteristics of youthful topographic development, and its continuing

rejuvenation is aost clearly attested to by frequent earthquakes and

St @ e iacg

faulting in historic time (summaryv by Page, 1965).

] Greater steepness and linearity of the front of the Stillwater
Range, smaller, steeper fans on that side of the valley and the west-of-
center location of the playa combine to give Dixie Valley a marked lateral
asymmetry. The Humboldt Salt March, at an elevation of 3363 ft, is the

lowest area in northern Nevada.

1Alchough incorrectly used in the geomorphic sense, the term "valley" will
here be used for the negative landform to differentiate from the term
"basin," applied to the sub-alluvial bedrock structure,

ZThe geographic names of the area have undergone a bewildering number of
changes in the geologic literature. The former names are here listed in
chronological order:

Dixie Valley: Osobb and Salt Marsh Valley

Stillwater Range: Pah Ute or Pah-Ute, Table Mountain and East Range

Clan Alpine Mountains: Augusta Mountains

Tobin Range: Havallah and Sonoma Range
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In Late Wisconsin or Tioga time (Flint, 1961), Dixie Valley was
occupied by a lake with a maximum depth of some 220 ft. Successively
lower water levels are recorded in the form of beach ridge deposits,
well preserved on fans along the east side of the valley. Dixie Lake
was a separate body of wiater from the contemporaneous and far larger

Lake Lahontan, which lay immediately to the west.
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III. PREVIOUS WORK

Much of the material published on the Dixie Valley region deals
with the earthquakes and faulting mentioned above. Literature of a more
general geologic nature comprises only a small part of the total.

There have been some general geophysical investigations of the
region (Thompson, 1959) and large-~scale studies of the valley recently
reached completion (Meister, 1967; Herring, 1967; Smith, 1967). Page
(1965) mapped the Stillwater Range and the adjacent Dixie Valley alluvium
south of lat. 40°N. Muller, Ferguson, and Roberts (1951) mapped the
quadrangles north of 40°N. No recent published maps exist of che Clan

Alpines south of 40°N. Some unpublished mapping has been done, however
(Speed, 1963).




IV. METHODS

The aerial photographs, some 600 of which were used in this study,
were taken by the United States Air Force in March of 1964 for this
research project. Although frequently of low tonal quality and taken when
the ground was abnormally wet from melting snows, the photographs comprise
a coverage superior to previous ones because of their much larger scale
(1:26,000 vs 1:75,000). Alsc, orientation of the flight lines at
approximately N 30°E, along the trend of the valley, simplified study of
the photographs and their compilation as mosaics.

Two sets of photographs were used. A grid system of 1° latitude
and longitude lines with control points was taken from an enlargement of
the Army Map Service Lovelock, Millet, Reno, and Winnemucca (1:250,000)
topographic maps covering the Dixie Valley region. This grid system was
further enlarged to the average scale of the photographs, and the photo-
graphs were triangulated onto this grid to form a controlled mosaic. The
second set of photographs was used for study, and information obtained
was ther transferred to the modified A.M.S. enlargement. Because of the
quality of the maps and the paucity of control points in the valley
(mountain peaks and some culture were used), the positions of geologic
features with respect to those on the base are occasionally askew. For
the most part, however, the method was quite successful.

The photographs were first studied with a mirror stereoscope of
low magnification, then with a lens stereoscope of higher magnification and
greater vertical exaggeration. All photographs were studied more than
once at separate times to check iInterpretation.
he size of the area and the fact that much of it is
inaccessible, not all features mapped could be checked in the field. Also,
many of the more subtle features could not be recognized in the field even
though their positions were known. Typical accessible features were
visited and conclusions made there were extended to other features of

similar appearance.
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Since the start of this project, preliminary 7 1/2' topographic
quadrangle maps of the northern and eastern portions of the valley have
been prepared by the U. S. Geological Survey. It was from this base and
from Coast and Geodetic Survey bench marks that beach ridge elevations
were obtained. The others were determined by leveling from U. S.

Geological Survey bench marks.
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V. INTERPRETATION OF THE PHOTOGRAPHS

A. Faults

Photogeologic evidence for faulting in the Dixie Valley alluvium
is quite varied, and no single set of criteria can be stated for the
recognition of all mapped features. These features can best be divided
into three main groups--(a) scarplets, (b) non-topographic traces and
(c¢) linear mountain fronts--each with its own get of criteria and sub-
divided into varying degrees of assuredvess of interpretation.

(a) Scarpletslz On the photographs, the most obvious indication
of faulting in the alluvium and at the mountain front is the presence Of
existing scarplets. Not all apparent scarplets, however, result from
bedrock faulting, Edges of stream terraces, inner edges of beach ridges
(depositional), shoreline nips (evosional), and slump scarplets can all
appear much like fault scarplets within the alluvium, Rapid mass wasting
of a properly striking non-resistant bed, bedrock undercutting by an inter-
mittent stream at the bedrock-alluvium contact and even game and cattle
trails at this contact may produce effect similar in appearance to basal
scarplets at the mountain front (see the Apperdix for a description of
fault scarplets and for the criteria by which these other features are
difterentiated).

(b) Non-topographic traces:. Linear features in the alluvium with
no topographic expression at the limits of stereographic resolution are
the most difficult to recognize and verify as indicative of faulting. All
of those mapped in this study appear to be the result of thorough crosion
of former scarplets. Lineaments of tone, texture, and vegetation were

observed either alone in the alluvium or grading into faults with

The term "scarplet’ is used here tc identify small fault scarps observ-
- able in the alluvium and those caused by reactivation of a mountain-front
i fault. In Dixie Valley, none of these are over 20 ft in height and most
é are only 3-4 ft high "Scarp" 1s used for the larger feature--the steep,
E linear mountain front--which resulted from continuing relative uplift,
modified by erosion, zlong 2 mountzin-front fault,

X riepraeemera s A LR
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topographic expression., It is from the latter situation that criteria

for the recognition of these traces were derived. The tonal and tex-

tural relations iandicate that all such traces began as scarplets facing

into the valley. Observations from a low-flying airplane under back-

lighting conditions demonstrate that there remain a few incheg of topo-
graphic relief on some of these.

The traces are not easy to distinguish from old roads, some game

and cattle trails, or abrupt changes in graic size or color of the sedi-

ments. (See the Appendix for a full description of the traces and the

criteria for differzntiation).

(c) Linear mountain fronts: Scarplets at the bedrock-alluvium

contact can usually be interpreted to represent recent reactivation of

a major fault which forms the front of the range. With mass wasting and

stream erosion, the scarplets disappear and only a steep, linear mountain

front can be obgerved under tne stereoscope. Blackwelder (1928) has

cataloged criteria for the recognition of such major scarps and fault-
line scarps, many of which are applicable here. Again, there may be
other explanations for the development of this landform and only those

lengths of mountain front which fulfill Blackwelder's criteria are
mapped (see Appendix).

7 Lineaments

This "catch-all" classification includes diverse features of prob-
lematic origin., These features, most of which are on the valley-floor
lake depositg, include abnormally linear lengths of stream channels,
straight or evenly curving tone boundaries, dark lines, lines of vegeta-
tion and wide bands defined by changes in drainage density and grain size.

The only unifying clement among these phenomena is that the origin of none

is understood. Since faulting cannot be disproved as a mechanism of

formation, these lineaments are included on Plate 1 for completeness.
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C. Beach Ridges

Only the older, higher beach ridges on the fans of Dixie Valley
were mapped in this project. The braided and meandering streams on the
fine-grained valley-floor lake deposits have destroyed most traces of
the younger, lower shorelines. Ridges on the fans, not subject to
lateral erosion, are destroyed only where washes from the mountains
have breached them.

The appearance cof these upper ridges is distinctive, The coarse-
grained composition and high permeability have left them less disturbed
by runcff and wind deflaction than other features such as fault scarp-
lets. What little deflation has wccurred has left a desert pavement of
coarse pebbles and cobbles, shielding the ridge from further deflatiomn.
The stability of this configuration is evidenced by a well developed
desert varnish on the crests of the ridges as compared to adjacent, non-
ridge sediments.

This desert varnish characterizes the ridges on the photographs;
they are much darker thez surrounding sediment. The ridges are also
usually unvegetated immediately behind the crest, apparently because of
low water content and lack of soil. Where small rivulets from the face
of the ridges pond in the swales between, the water percolates down,
leaving fine, light colored sediment in striking contrast tc the desert
varnish.

These ridges are thought to be formed by longshore drift of sedi-
ment from arroyos entering the former lake, i.e., the lateral spreading
of what would have been deltas in an environment of lower wave energy.
The sediment is spread as a coarge, nearshore veneer and concurrently
piled up by waves as offshore bars.

Dune morphology and the orientation of sand sheets blown from dry
arroyos verify meteorological obgervations that the present dominant
wind direction is from the southwest. Assuming this same situation at
the time of ridge development, the greatest fetch would have been toward

the northeast. Many aspects of the ridges indicate this was the case:
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the ridges are not well developed on the west side, in the lee of the
Stillwater Range; the only delta-form accumulations of sediment are in
the south; anc the greatest complexity of bar morphology, a consequence

of wave reflection, eddy currents, and the large amount of sediment, is

in the northeas: corner of the former lake area (Plate 2).

Because of the variety of sediment types, drainage densities,
erosion mechanisms and sedimentation rates in Dixie Valley, there is a
] natural bias in the mapped data. Sediments of the valley floor do not
retain topographic irregularities as long as fan deposits. The finer
grain size and lower permeability of the valley floor allow a greater

degree of surface runoff, and lateral erosion and rapid depcsition more

quickly destroy and bury scarplet and ridge traces. The greater degrae
of destruction of old roads and trails on the valley floor, compared to
the fans, is evidence of this variation in erosion rates.. Oh the 'valley
floor also, drainage commonly runs parallel to the assumed structural
trend, so that arroyo banks can easily mask tne effects of small offsets.
Scarplets at the mountain fronts or within the ranges are also
é more quickly destroyed than those on the Zans, because of greater surface
i runoff and mass wasting. Evidence for this conclusion was found in many
places where a scarplet in the alluvium, when traced to the bedrock-
F alluvium contact, could be recognized there only as a linear mountain
1 front.
Wher. noting frhe infrequency of scarplets 4apgped on the valley floor
sedimzatg, the consideration that they are simpiy no longer observable

rvable
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must be borne in mind; the record of faulting on the valley floor and at
the mountiin front is a shorter one than on the fang. To highlight the
ineque.lity of the record, the bedrock-alluvium contact and the inner

margins of fans are shown on Plate 1,

iid BEaicd
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VI. OBSERVATIONS AND INTERPRETATIONS

A. Age of Surface Features and Their Relation to Bedrock Structure

The record of faulting portrayed on Plate 1 is, at a maximum, some
10,000 years long. The oldest of the faults in Dixie Valley, now erode:
to the point where no topographic expression is evident under the stereo-
scope, cuts the higher Dixie Lake beach ridges (39058'N, 117°47'W). The
age of the highest shoreline of Lake Lahonton, immediately to the west,
has been dated at 10,000-11,000 B.P, (Morrison, 1964). This age is approxi-
mately the same for the highest beach ridge in Dixie Valley on the assump-
tion that all the pluvial lakes of the region began to lower pene-
contemporaneously.

Locations of bedrock faults in fourteen seismic profiles of the
valley (Meister, 1967; Herring, 1967) coincide well with zones of faults
mapped on Plate 1 (Fig.l). Thus, faulting now evident in the alluvium,

a record of about 10,000 years, is strongly indicative of that which has
been active throughout the history of the basin. This history is given as

some 15 million years by Thompson (1959), based on stratigraphic evidence.

The existence of this important and somewhat surprising relationship allows
many conclusions to be drawn concerning the sub-alluvial structure of the

3 valley, based on surface features.

4 The following observations and conclusions concerning the bedrock

7T

structure of the basin include much of Meister's (1967) data. These two

B G machs: * e Al

dissimilar approaches to the problem of basin structure contribute differ-
ent parts of the total picture. Seismic studies supply depths to bedrock
and general locations of bedrock faults in separate profiles thkrough Dixie

Valley; the photogeologic study shows the trends of bedrock faulting which

tie these profiles Logethner.

B. Pattern of Bedrock Faulting as Indicated from Surface Features

e ————— TArF ST AV

The pattern of faults on the two sides of the valley is quite dis-

similar. The fronc of the Stillwater Range is bounded along much of its



-12-

MO SCARPLETS OR INFERRED 2ONES OF BEDROCK FAULTING

5000
PROFILE b
ZOME OF BEDRGCK FAULVING (INFERRED FROM
ey ALIGNMENT OF HEARBY SCARPLEYS)
‘\
5000 ft ‘\ —
PROFILE 13

r SCARPLETS AT SURFACE ;
3 - ¥ y \ ] X )
3 T R e R A e - SemeSesT T T T T T s

PROFILE 14

PROFILES FROM MEISTER (1967)
4 LINES INDICATE LAYERS OF YZRIOUZ YELOCITIES
i HEAVY LINE IS BASIN FLOOR
i MO YERTICAL EXAGCERATION

"y

Figure 1. Relation of surface features to bedrock structure.
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length by a continuous fault, sinuous in plan. The surface record sug-
gests another, straighter, subparallel fault beneath the alluvium of the
fans. On the castern side of the valley, however, the zones of bedrock
faulting are numerous, straight, subparal’el and at an angle to che main
trend of the Clan Alpine Mountains. Faulting there exercises little
control on the bedrock~alluvium contact, in contrast to the western mar-
gin of the valley.

The inner fault zones of the two sides converge to the north and
meet gouth of the Sou Hills. The Stillwater mountain-front fault
appears to curve eastward to form the southern boundary of the Sou Hills.
Muller, Rerguson and Roberts (1951) have mapped a continuation of this
fault to the north. Hence, the fault may branch at the Sou Hills. The
more eastern fault zones diverge to the north and extend across Dixie
Valley toward the Tobin Range. The easternwost of the faulus mapped
curves to form the eastern border of Jersey Valley.

The fault zones which extend toward the Tobin Range appear to cut
of f Jersey Valley as a separate structural unit {rom Dixie Valley. The
alluvium in Jersey Valley is thin, hardly more than a pediment cover.
Faults and deep drainage channels presently entrenching the middle of
the valley have exposed Tertiary sediment types found in the east flank
of the Tobin Range. Thus, the basin of Jersey Valley has not taken part
in the great subsidence of the Dixie Valley basin since the deposition of
these rocks. Surface indications of recent faulting are scarce on the
west side of Jersey Valley and the topography indicates that the mountain
front there is not fault controlled at present. As Page (1935) mentioned,
the mountain blocks of the Tobin Range appear to be tilting eagtward with
uplift. Eastward dips in Tertiary volcanic rocks of the range (Muller,
Ferguson, and Roberts, 1951) are additional support for this interpreta-
tion. Tilting may be subsequent to earlier, more symmetrical, uplift,
for these authors state that the volcanics cover a formerly active mountain-

front fault on the east side of the range.
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In Pleasant Valley, the mountain-front scarplet of the Tobin Range
dies out near the Sou Hills. Small scarplets branch into the alluvium
where the mountain-front scarplet ends to the south. These small faults
are subparallel but not consistent in displacement. Many are antithetic
to the nearby mountain front and the appearance is one of numerous small
graben in the alluviuu.

The west side of Pleasant Valley resembles the west side of Jersey
Valley. There are faults between the Stillwater Range and the Sou Hills,
but farther north they are few and little :influence topography. As in
Jersey Valley, bedrock dips indicate eastward tilting of the structural
blocks with major offsets occurring on the eastern margin of the valley.

The Sou Hills appear to be a structural block separated by faults
from the main ranges. Both the Dixie Valley faults from the south and
the Pleasgant Valley faults from the north terminate at the bedrock of tue
hills. Subsidence has apparently been less here than to either the north
or south. Dixie Valley appears to be the most rapidly subsiding area
because the drainage from Pleasant Valley into Dixie Valley is deeply
entrenched in the Sou Hills bedrock. Small streams flowing south from
the Sou Hills into Dixie Valley are presently capturing many of those
flowing north into Pleasant Valley.

In the southern portion of Dixie Valley, scuth of Lst. 39037'N, the
trend of the valley changes. The surface record at ané south of this
change suggests less continuous zones of suballuvial faults than farther
north. On the western margin of the valley, the mountain-front fault of
the Stillwater Range dies out to the south where many small faults branch
into the alluvium, much like the Tobin Range fault in Pleasant Valley.
South of this termination, eastward dips and many small faults in the
Tertiary bedrock suggest that subsidence was taken up by flexure and
small displacements of the bedrock and that the adjacent alluvial cover
is thin. Evidence that the major subsidence occurred further north is
found in high-level stream terraces bordering drainage that enters the

valley from the south,
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In southeast Dixie Valley, the surface record of bedrock faulting
is a very recent one. Most of the scarplets mapped there ‘1ave been
formed in historic time (Slemmons, et al., 1959)., Because the Clan
Alpine Mountains have not been mapped in the area, the possible conti-
nuity of these southern faults with scarplets mapped to the north
remains unknown.

Few faults in the southern portion of Dixie Valley exercise con-
trol on gross topography. Only those on the east side of Wonder Valley
appear to be part of a long-active zone of major offset. It is difficult
to evaluate the importance of these historic cffsets to the overall

structural history of the bagin because of the lack of geophysical data.

C. Hature of Basin Subsidence and its Relation to Present Topography

The number and height of the scarplets on the two sides of Dixie
valley suggest that the basin has subsided an approximately equal amount
on the two sides since beach ridge formation. Evidence to support this
suggestion was found by leveling on the higher beach ridges. Leveling
data demonstrate that the basin has been subsiding with little net tilt-
ing of the originally horizontal ridges in the past 10,000 years (Plate 2
and Fig. 2). A maximum of 14 ft of westward tilt was observed in a cross-
valley profile taken near the southern end of the former lake area.
Because absolute correlation could not be made between sets of ridges on
the opposite sidesg, the lowest possible correlative ridge on the west
was chosen for leveling. The actual amount of tilt may well be less
than that meagured. At the northern end of the beach deposits, a
shorter cross~valley profile shows 8 ft of westward tilt. These values
are no greater than variations ip elevatiocn found along the length of the
ridges on the east side.

The ridges on the east side are crossed at a slight angle by post-
ridge scarplets. Variations in ridge elevations there are explained by

the fact that not all ridges and leveling stations are on the same
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Figure 2. Fence diagram of Dixie Lake beach ridge elevations.
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structural block. Varying amounts of post-ridge subsidence on the sepa-
rate blocks has dropped the leveling stations correspondingly.

Seismic profiles taken in the valley indicate that the bedrock
floor in the deepest portion of the basin has been subsiding nearly
equally along faults on both gides. This is somewhat at variance
with earlier theories of basin morphology, based on geomorphic considers~
tions.

The work of Davis (1904, 1925), although it clarified many con-
cepts regarding Basin-Range structure and geomorphology, failed to
consider the possibility of major buried structure and topography.
Simplicity of sub-alluvial structure is implicit in his text and diagrams,
Davis interpreted a gentle bedrock siope on the opposite side of a range
with a steep front ag the tilted, dissected, unburied portion of the pre-
faulting ercsion surface. Early authors tacitly assumed this slope to
continue at depth to the mountain-front fault of the next range. Valley
asymmetry was explained by dissimilarity of consequent drainage on tilted
fault blocks on the two sides of the valley.

The results of this study show that the situation in Dixie Valley
is more complex than the classical concept. A suggested sequence of
events in basin development must account for a number of present charac-
teristics of the valley and adjacent ranges:

1. Offsets on both sides of the Dixie Valley basin are large and
approximately equal.

2. The mountain fronts are markedly dissimilar. The eastern front
of the Stillwater Range is closely controlled by faulting; the western
margin of cthe Cianr Alpine Mountains is not. It should be added here, inci-
dentally, that the eastern flank of the Clan Alpines is similar to that of
the Stillwnter Range.

». The valley is asymmetrical. The playa is located well west of
center in the valley.

A possible sequence of events to account for these characteristics

is outlined in Fig. 3. The initial development is like that envisioned b
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Davis (1904, 1925), Offset on the Stillwater front fault and westward
tilting of the structural blocks initiate very different drainage areas
on the two sides of the embryonic basin. The result of this, as offset
continues, is a steep western and gentle eastern mountain front with
alluvium between. Subsgequent faulting then occurs beneath the alluvial
fill. So long as the rate of basin filling approximates the rate of
relative subsidence, these major sub-alluvial offsets will affect topo-
graphy only as evanescent scarplets in the alluvium. The present loca-
tion of the playa is the result of continued tilting and/or greater
relative subsidence on the western side of the basin in Quaternary time.

It can be argued that tilting is not a prerequisite for present
valley appearance. If the basin developed without tilt and the prepon-
derance of offset has taken place on the western margin during the
Quaternar:, valley asymmetry could result from the difference in geo-
morphic "age'" of the two mountain fronts. The Clan Alpines would be
farther advanced in the geomorphic cycle because of the lack of rejuvena-~
tion.

Evidence for the hypothetical sequence presented in Fig. 3 is
admittedly circumstantial and open to further investigation:

1. The Clan Alpines have the appearance of a tilted block, as
described by Davis (1904, 1925), with one steep, linear {eastern) flank
and one gentle, irregular (western) flank.

2. Tilt is common in the region. The structural blocks of the
Tobin range are tilting with relative uplift (Page, 1935). In the
Carson Sink area to the west, Louderback (1904) found much evidence of
tilting in the ranges.

3. The best oriented of Meister's (1967) cross-valley seismic pro-
€iles (Profile 5) shows the deepest portion of the hasin to be tilted
wegtward.

4. The surface record of faulting suggests as much offset on the
east as on the west, in post-Dixie Lake time. The variations in beach
ridge elevations also indicate movement of structural blocks on both sides
of the vailey. These are actually evidence against non-uniform subsi-

dence, rather than evidence for tilt.
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Figure 3. Hypothetical Sequence ir basin development.
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VII. CONCLUSICNS

The conclusions gained from this study can best be summarized by
the model of Dixie Valley presented in Figs. 4, 5, and 6. The structures
portrayed are corroborated by the geophysical studics, which supplied the
approximate depths to bedrock in these figures. The continuity of faults
through bedrock areas was supplied by the geologic maps of the region
(Muller, Ferguson, and Roberts, 1951; Page, 1965; Speed, 1963). An average
near-gurface fault plane dip of 60° was assumed from the data of Page (1935)
and Meister (1967).

In its central and northern portions, the basin beneath the alluvial
fill is a complex graben, bounded on the west by two normal faults of large
displacements and on the east by multiple, sub-parallel faults of smaller
displacements. The deepest portion of the graben is somewhat west of the
central axis of the valley and the floor rises as the bounding faults die
out to the north. Faulting was preceded or accompanied by westward tilting
of the major structural blocks., North of the latitude of the Sou Hills, the
tilt changes to an eastward one in all mountain blocks.

In southern Dixie Valley, the situation is more complex and less open
to confident interpretation. The graber does not pinch out, as it does to
the north. Rather, the amount of subsidence decreas=s and is taken up by
flexure and numerous smaller faults. The central portion of the basin may
well swing to a more north-south orientation as it gshallows to the south.

One may speculate that the faulting in and near the Louderback
Mountains and Wonder Valley is an unburied or less advanced analogue of the

faulting

farther north in the Clan Alpine Range. The recent faults in this
area (Slemmons, et al., 1959) may be indicative of a number of blocks
presently subsiding from the higher Clan Alpines. There is a marked topo-
graphic lineament in the range (39°28'N, 117°58'W to 39°34'n, 118%00'W)

which forms the eastern border of Bench Creek Valley. If the lineament




e i

EXPLANATION

Bedrock foult zone: Indizated
by surface features. Hochures
on downthrown side Reavy e wemghtt

large total ctifset

Z / Peoboble badrock fault zone: | lght hee w'o»oh'f
s/ Suggested by scanty surface small offue
V4 / faatures or alignment of zones

I

Unmepped bedrock area

|

|
|

S Y ] TOPOGRAPHIC
; - 0 ;{, 1 3 LINEAMENT
2 PR
‘ P 47
& 3 =
E A . r -y
: o /
E 78 | / l SCALE 1:500000
L /R R g s oy g 9 10 MiLEs

Figure 4.
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is the expression of a major fault, the entire bedrock area west of it
may be subsiding at the present time.

At the latitude of the Humboldt Salt Marsh, there has been, in
this model, approximately 15-20 per cent extension in the crust during
the past 15 million years. Strike-slip displacement may have occurred on
the gtraighter faults but the geometry of the model here presented dic-
tates that .t be small. It is difficult to eavision much consistent
lateral displacement on the more sinuous faults in the basin.

In suggesting a mechanism for the sequence of events in basin
development, it would be best to repeat Page's (1965) statement concern-
ing the eastern margin of the Stillwater Range: ''The normal faulting
involved an east~west extension of the crust, and probably it was
induced by a reduction in confining pressure in that direction . . .
it looks as though the range sloughed off narrow subsidiary tlocks during
and after its uplift above the adjacent basins, mainly in response to
gravity." This impression applies as well, if not better, to the appear-

ance of the western margin of the Clan Alpine Mountains.



APPENDIX

I. THE RECOGNITION OF SCARPLETS RESULTING FROM BEDROCK FAULTING

A. Scarplets Within Alluvium

The photogeologic characteristics of fault scarplets in the
alluvium of Dixie Valley vary widely as a function of degree of erosion
and properties of the alluvium. However, generalizations can be made
regarding the appearance of scarplets on the photographs.

Scarplets may be single but they typically die out along their
lengths, and are replaced by others which are subparailel. Individual
scarplets may branch. Where scarplets are multiple, not all neces-
sarily face jn the same direction. Single scarplets may also face a
nearby mountain front.

The upthrown surfaces, scarplet faces and downthrown surfaces each
vary in tone and texture as the scarplet is eroded. The relation between
these tones and textures is consistent, and this relation is consistent

with the form of the scarplet.

_ A steep, sharp, young scarplet face is typically very light in
tone and smooth in texture. The up- and downthrown surfaces appear no
different than the surrounding sediment in areas of fine-grained alluvium.
With coarser grain size, the upthrown surface immediate to the upper edge
of the face may be somewhat lighter than the surroundings (from lower water
content?). Drainage is entrenched for a distance behind the scarplet.

The face is light and smooth on scarplets facing up-drainage because
the washes are ponded by the face or much reduced in gradient. The down-
thrown surface may also be light and smooth, from deposited sediment.
hannels which breach and entrench the upthrown side also leave
light sedirent on the downthrown surface. Derangement of many small
channels outlines the position of a fault, even with little vertical off-

set.

The scarplet face becomes rounded and reduced in slope with con-
tinced erosion. The face darkeng and develops a faint, vertically striate

texture of small consequent drainage channels. The upthrown surfzce
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remains as it appeared at the time of faulting. If additional sedimenta-
tion or reworking has occurred higher on the fans, this tone and texture
near the face will be at variance with that prevailing in the alluvium.
For example, a fault may occur in alluvium with a dark desert varnish;
later reworking, which lightens the general tone of the alluvium, will
not affect the upthrown surface near the scarplev because the streams
are there entrenched.

The downthrown surface becomes quite light at this stage of scarp-
let destruction--lighter than the scarplet face--as the streams, entrenched
in the upthrown side, lose their sediment on the downthrown surface. Rivu-
lets on the scarplet face also deposit material on the downthrown surface.

Scarplets at a comparable stage of destruction, facing up-drainage,
have rounded faces with less obvious consequent rivulets. The scarplets
"Y' downstream at major drainage channels. Tributary channels run at the
base of the face, indicating that the scarplet no longer retains its
initial position. The tributaries undercut the face and cause it to mass
waste down-drainage. Streams along the scarplet base often exaggerate
the height of the sca’ let by entrenching the downthrown sgide.

The upper break in slope is lighter than the surroundings from
continual mass wasting (and lower water content?). The downthrown surface
is very light where streams occur at the base. The base is also charac-

terized by larger, more verdant vegetation than elsewnere.

The final stage, before all topographic expression of faulting is
removed, is typified by a return of the up- and dowithrown surfaces to the
tone prevalent in surrounding alluvium. The scarplet face is well rounded
and gentle in slope. Its continuity is largely destroyed because formerly
entrenched streams have now widened their channels. The original scarp-
let appears as aligned ends of projecting spurs of alluvium, with uniform
height. The development of dark desert varnish on interfiuves, by this
stage, masks the possible effects of variations in moisture observable on
fresher scarplets.

The scarplet faces, or spur ends, still possess a striation of small
consequent channels. The lower gradient reduces the amount of erosion, and

because of this, the lightness of the channels. Ridges between thesge
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channels, however, have grown darker from desert varnish and the striate

appearance is retained. Scarplet faces also do not possess the small,

very light patches of wind-blown material found in depressions elsewhere
in the alluvium,

Continuity of spur ends becomes more obgscured as drainage channels

widen in the upthrown side. At this stage of destruction, a scarplet

face {s no more steep or angular than the channel banks in the upthrown
side.

faces.

These banks are identical in tone and texture to the scarplet

The eye is continually drawn upstream when tracing scarplets
along their lengths. It can be difficult to determine continuity from

one interfluve to the next if the scarplet is sinuous.

The tone and texture of scarplets facing up-drainage at this stage

is much the same as described above. Desert varnish at the upper break

in slope may be somewhat more uniform and che striae more obscure. Con-

tinuity »£ spur ends is harder to trace because the eroded scarplet curves

down-drainage at each breaching channel. Small channels at the base of

the face undercut greatest near through channels, destroying the linear-
ity of the spur ends.

‘Thege characterigtic tones, textures and forms are typical but not

universal in Dixie Valley. Scarplets cm valley-floor lake deposits, for

example, do not follow this pattern and are recognized by form. They all

appear to be quite recent in origin. The longevity of these features has

already been discussed.

The characteristics do not apply well, or at all, where springs

occur w,th scarplets in alluvium. Sapping and slumping destroy the scarp-

let form, vegetation and spring deposits masgk the tones and texturcs. The
presence of warm or hot springs at the base of 2 scarplet is here con-

sidered sufficient evidence for fault origin of that scarplet.

As mentioned ir the initial discussion, scarplets in alluvium, par-
ticularly older ones, may be difficult to distinguish from other features.
Over short sections of their lengths (a) stream terraces, (b) beach ridges,

(c) shoreline nips and (d) slump scarplets can all possess characteristics
on the photographs similar to fault scarplets.
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An involved discugsion of the tonal and textural properties of
these other features is not necessary here. The origin of a feature
in question can be resolved by a study of its geometry and position.

(a) Stream terraces: thesc are confined to only the largest
streams in the area, entering the valley from the south, Smaller
streams on the fans may have patches of low terrace within their high
banks but these terraces are uncommon and easily recognized. The
terraces of the large streams nearly follow the contours of the fans
and there is no derangement of drainage at or near the scarplet. Where
multiple, a2ll terraces face toward the present drainage. Terraces do
not branch and do not have springs at their bases.

(b) Beach ridges: thes= possess a definite ridge crest with
slopes on both sides. There is much drainage derangement; a channel may
be diverted hundreds of feet between ridges. The unvegetated back
slopes and the very light, smooth areas in inter-ridge swales are dis-
tinctive. Ridges closely follow the contours.

(c) Shoreline nips: nips occur low on the fans or on the valley
floor where sediment is fine-grained and cohesive. They folilow the con-
tours, do not branch, and do not derange drainage.

(d) Slump scarplets: slumping cccurs at the toes of fans in
Dixie Valley and appears to be triggered by the earthquakes which accom-
pany faulting. Slump scarplets, however, are not the direct result of
bedrock movement; locaticn of bedrock faults cannot be inferred from the
location of these scarplets.

Interbedded fan and pre-late Wisconsin lake deposits (Cohen and
Everett, 1963) direct ground water movements to the margins of fans,
causing seeps. The high witer temperature of many seeps indicates a
source in buried fracture zones beneath the present fan surface. The
margins of fans are thus saturated with water and sapping by the seeps
breaks the smooth slope from fan to valley floor. Mere slumping occurs.

The position of slumps is their distinguishing characteristic.
The tone, texture and form vary widely as a function of water content of

the alluvium, amount of vegetation, presence of deposited carbonates and
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degree of post-slumping destruction. Fresh slumps possess scarplet faces
very similar to fresn fault scarplets. The two can be easily confused if

only the faces are observed.

B. Scarplets at the Bedrock-Aliuvium Contact

This category of fault features also includes, on Plate 1 as well
as here, scarplets which are cloge and parallel to the bedrock contact
but bounded on both sides by alluvium. It ig common for mountain-front
faults to carry a sliver of alluvium on the upthrown side during offset
(Gilbert, 1890; Page, 1935).

Scarplets at the mountain front, where fresh, appear on the photo-
graphs as sharp, very light faces. The scarplets are commonly multiple
and anastomosing or en echelon. Along lengths of scarplet where alluvium
clings to the upthrown side, there is often a trench in the downthrown
side immediate to the scarplet face. Because alluvium clings to the up-
thrown side, the dip of the scarplet face is steeper than that of the
fault piane to which it clings. A gap must then be opened during offset.
Slumping of alluvium of the downthrown side into this gap results in the
trench-like appearance (Fig. 7). Vegetation is often larger and more
verdant in this trench than elsewhere. The surface is light from wasting
of material off the face. When offset has been so small that there is no
topographic expression under the stereoscope, scarplets appear only as one
or more light lines at the mountain front,

Mass wasting of material appears to be the dominant mechanism of
scarplet destruction at the mountain front. The pre-faulting slopes are
steep in the alluvium as well as in the bedrock, The striaze of many small

consequent drainage channels are not observed on the scarplet faces here,

Scarplets with bedrock exposed on the face and upthrown surface
merge with the mountain front as the face darkens and develops the texture
of higher bedrock. Where the upthrown side and scarplet face are alluvium,
the face darkens but remains smooth. The upper break in slope becomes
rounded and lighter. Mass wasting and stream erosion remove the alluvium

from the upthrown side or reduce it to & series of discontinuous hummocks.
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MODIFIED FROM GILBERT (1290)

Development of troughs at mounwain-front faults.
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The effects of other phenomena can appear much like mountain-
front fault scarplets. The feature in question can be differentiated
by following it along its lengch. Fault scarplets either directly
crogss the mouths of canyons or, because of erosion, do not appear there
at all. The other, similar features react differently at canyon mouths.

(a) Mass wasting of a non-registant bed: a bed subject to
rapid masc wasting, 1f it outcrops just above sad along the bedrock-
alluvium ceatact between canyon moutha, can have the light tone and
smoothe texture of a mountain-front scarplet. At the canyons, however,
the feature will curve upgtream. Because of the complex structure of
the ranges, beds rarely strike for long lengths with such consistency.

(b) Bedrock undercutting: this is also an uncommor situation.
Drainage does not often run at the base of the mountain front. Where
it does, the light band from mass wasting can be followed upstream.

(¢) Animal treils: the herd animals of Dixie Valley leave
light, smooth trails at the break in slope at the bedrock-alluvium con-
tact. On the photographs, these trails are very similar to
scarplets formed from slight offset. At the mouths of canyoas, however,
these trails curve upstream or branch and multiply as the aniwals sepa-

rate to pick their individual paths down and up the steep chaanel banks.




T3

T TG T

«32w

II. THE RECOGNITION OF NON-TOPOGRAPHIC TRACES RESULTING FROM BEDROCK
FAULTING

Lineaments of tone, texture and vegetation which result from bed-
rock faulting are varied in appearance but relations between thege vari-
ous appearances can be observed. Scarplets with topographic expression
grade, on desert varnished older alluvium, into traces with no observ-
able elevation change. These traces have different characteristics
where they cross the lighter, reworked sediment of wide washes. Another
cnange in characteristics is observed where traces cross beach deposits.

The appearance of traces in older alluvium is much like that of
scarplets in the last stage of destruction. The trace is marked by a
vaguely striate band within normal dark sediment. Vegetation on the
striae may be darker (greener) than elsewhere. Any observable trace of
this type must have originally faced down-drainage. Those scarplets
which faced up-drainage have lost all linearity by this stage of destruc-
tion (Part I1-A, above).

Where the traces continue into the lighter sedixent of washes, they
are characterized by bands of darker, larger plant growth. This is iater-
preted as due to ground water migration up the fracture zones. The traces
here may be slightly ridged. This could be a result of soil retention by
more extensive root systems of the larger plants or a greater cementation
by material from solution in the fractures.

These traces, when crossing permeable beach deposits, often have
slight topographic expression., The large, dark vegetation remains.

These fine detaiis of morphology are not included in Plate 1. The
entire length, in such a case, i3 mapped as a trace for simplicity.

Again, these characteristics are not universal and it is quite possi-
ble that other fault-produced traces could be recognized if their relation
to scarplets were known. A case in point is the lineaments on the valley
floor. These could be merely chance alignments of random features but
they could equally well be an important part of the record of bedrock
faulting in Dixie Valley. Lack of association with features of known ori-
gin makes a determination impossible.




e e o Y AEE LU i L

R A

e T

-33-

Three other features in this study, under proper conditions, have
appeared similar to fault traces.

(a) O0ld roads: dirt roads in Dixie Valley are graded on occasion
and notch slightly into the gentie slopes of the fans. This slight
change in slope acrogs the road is apparently sufficient to pond or slow
runoff and improve the growth of xerophytes. 1If a road is abandoned, it
appears on the photographs as a light lineament with larger, darker vege-
tation than its surroundings.

These lineaments rarely curve sharply and they eventually join with
obvious roads. Where they do curve, it is to avoid changes in topography
such as large arroyos or beach ridges.

(b) Animal trails: on dark alluvium, trails of herd animals appear
as vague lineaments, lighter in tone than the surroundings. The random net-
work of these lineaments, and their continuation acrcss arroyos, indicates
their origin.

(c) Sediment grain size or color change: the uniform tone of a
wind-blown covering is, in some cases, possessed of a very sharp boundary,
This veneer obscures the fine texture of "normal" fan alluvium and can give
the impression of a change in fine drainage type and density. The earlier
discussion of scarplet destruction (Part I-A) included a stage in which
the face and downthrown surface are lighter than elsewhere. The super-
ficial appearance is similar in this situation.

The break in slope is lacking at a sand veneer edge and the zone of
ligntness is far wider than that of an aging scarplet. The source of a
veneer can usually be traced urwind (southwest) to a specific arroyo or to
the valley floor.

Wide bands of tone, texture and apparent drainage density are mapped
as broad lineaments on Plate 1, These lineaments may be the result of wind
erosion or deposition. However, they are at an angle to other features

which are obviously of these origins, and no specific mechanism of forma-
tion is apparent.
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III. THE RECOGNITION OF MOUNTAIN-FRONT SCARPS

Most linear lengths of the east front of the Stillwater Range are
mapped on Plate 1 as having resulted from faulting. The straightness
and imposing steepness of these lengths and their clcar assnciation with
mountain-front scarplets rakcs obvious the interpretation that they are
the result of faulting and post-faulting erosion.

At the western foot of the Clan Alpine Mountains, however, linear
lengths of bedrock-alluvium contact ofter lack this intimate asgsociation
with scarplets. Such contacts are often terminated by a return to a more
typical fan-embayed and gently sloping front.

Processes of erosion can result in linear topography if bedrock
attitude is properly predisposed. Cuestas of Cenozoic volcanics in the
northern Clan Alpines, for example, possess steep and linear escarpments.
Blackwelder (1928) pointed out that such linearity is not, per se, suffi-
cient evidence for fault origin.

Blackwelder's discussion dealt with whole mountain fronts. However,
his topographic criteria of raulting--such as the presence of triangular
mountain-front facets, springs, "V'-shaped canyons and steepening stream
gradients near mountain fronts--can be applied as well to the shorter

lengths discussed here.
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ABSTRACT

Observations by the United States Coast and Geodetic Survey beiore

and after the 1954 earthquakes in the Dixie Val:iey-Fairview Peak area have

been reduced to surface strain patterns. The strain analysis shows a pre-

dominant NMW-SE exter ion in the epicentral areas of the Rainbow Mountain

and FPairview Peak earthquakes and NW-SE contraction in adjacent areas. The

pattern of strain changes thus ccnforms to an elastic rebound model. A
minimun energy release of 1.3 x 1023 ergs was estimated from the elastic
strain changes. This value is comparable to the total energy released by
the four large 1954 shocks as approximated by means of the magnitude-

energy conversion. Net lowering of the ground surface during the earth-

quakes indicates a release of gravitational potential energy of about

4.3 x 102 ergs. This energy possibly was dissipated as a minor, undetected

uplift in a broad region surrounding the epicentral area.
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I, ANALYSIS OF THE SURFACE STRAIN PATTERN

A. Intreduction

Four earthquakes in the Dixie Valley-Fairview Peak area were accom~
panied by surface faulting in 1954. Immediately afterward, the United
States Coast and Geodetic Survey revised the geodetic network in this area.
The releveling data (Whitten, 1957) indicatei a post-earthquake lowering
of Dixie Valley relative to the surrounding area, and retriangulation
showed a spreading in the vicinity of the active faulrs.

Analysis of the different components cf fault displacements has
stimulated in the last few years several hypotheses on the mechanics of
deformation of the Basin and Range Province. Thompson (1959, 1960, 1965)
has argued that the distension component of 5 it which occurred in 1954 in
a direction normal to the strike of the faults is only the latest expres-
sion of a total distension egtimated at 30 miles which took place in the
last 15 million years throughout the province. On the other hand, Shawe
(1965) believes that the strike-slip components of the 1954 fault dis-
placements are strong evidence for an overall strike-slip control of the
Basin and Range Province.

Although the analysis of relative surface displacements is a suit-
able representation for some purposes, a clearer picture of the details
of crustal deformation can be obtained by computing ~f*rain components such
as the orientation and magnitude of the principal strain axes, values of
maximum shear, and dilatation. Unlike the displacement field, the strain
pattern is independent of the frame of reference and is therefore uniquely
determined.

One of the obje:tives of this research is to reduce the retriangula-
tion data from the Dixie Valley-Fairview Peak area to surface strain com-
ponents which may be analyzed to reveal details of the deformation that

accompanied the 1954 earthquakes.
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Cowputation of strain components from geodetic data of irregularly
distributed triangulation stations was first discussed by Terada and
Miyabe (1929) and used more recently by Kasahara and Sugimura (1964) and
Burford (1965). Burford's method of analysis is used in the present study.

B. Seismicity of the Area

The Dixie Valley-Fairview Peak Area (Fig. 1) is at the center of the
seismically most active region in western Nevada, a region extending from
Pleasant Valley in the north to the Excelsior Mountains in the south.
Historical faulting whica occurred along the zone since 1903 has been sum-
marized by Shawe (1965). Fig. 1 shows the faults and epicenters of the most

recent seismic activity, consisting of the following earthquakes:

a. The Fallon-Stillwater earthquake of July 6, 1954 had a magni-
tude of 6.6 (Tocher, 1958) and was accompanied by the development
of a set cf northerly aligned fault scarps on the east side of
Rainbow Mountain.

b. The Fallon-Stillwater earthquake of August 23, 1954, with an
epicenter twelve miles northeast of the July 6 shock, had a magni-
tude of 6.8.

¢. The Fairview Peak earthquake occurred on December 16, 1954,
near Fairview Peak and had a magnitude of 7.4.

d. The Dixie Valley earthquake occurred only four minutes after

the Fairview Peak shock and had a magnitude of 7.1.

The geological effects of these four earthquakes were described by
Slemmons (1957), who mapped the fractures in the epicentral areas. The
large circles on Fig. l show the epicenters cf the four shocks (Romney.
1957). Romney estimated the focal depths tiom the pP-P times to be about
15 km for the Fairview Peak earthquake aad 40 km for the Dixie Valley
shock. According to Romney the focal fault causing the Fairview Peak main
shock had a strike of N11°W and a dip of 62° to the east. Savage (1965)
notes that a focal depth of 40 km for the Dixie Valley earthquake is
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required to resclve a discrepancy in arrival times between P and S waves,
but thinks that if the event identified as pP were instead a stopping
phase the focal depth would presumably be less than 24 km and would then
be about the same depth as the Fairview Peak earthquake. Eaton's {1963)
seismic refraction data indicate that the crustal thickness in this part
of the Basin and Range Province is about 24 km, so that it is possible
that the foci for these shocks are located in the crust. During 1965,
Westphal and Lange (1966) monitored seismic shocks of low magnitude in
the Fairview Peak area. The measured foci were situated at depths rang-
ing from 10 to 14 km. Later, the aftershocks of the April 13, 1965,
earthquake were also recorded and were found to originate at depths
between 6 and 10 km. Finally, the primary event of June 25, 1965, was
located at a depth of 17.4 km, and the first aftershocks at depths
between 12.3 and 14.9 km. These data together with the estimates of the
focal depths for the 1954 shocks lead to the conclusion that nearly all

the elastic strain must be released in the upper 20 km of the crust.

C. Geodetic Measurenments

In the summer of 1954 a United States Coast and Geodetic Survey
party extended an arc of first order triangulation eastward from Fallon
to Ely, Nevada. In order to obtain information on the ground movement,
especially during the Fairview Peak-Dixie Valley earthquakes, the same
field party, in 1955, re-observed the entire network of triangulation sta-
tions from Fallon to Smith Creek Valley. After independent least-squares
adjustment of the two sets of observed data, initial and revised geo-
graphic positions for each station were computed. Comparison ¢f the two
sets of geographic coordinates determined the horizontal component of
movement of each station relative to control stations on the east and west
ends of the network, which were assumed to be stable. The horizontal
components of displacement are represented by vectors in Fig. 2 (after
Whitten, 1957).
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In addition to possible random errors introduced by non-tectonic
displacement of the triargulation stations, systematic errors may be intro-
duced into the data by slight undetecced movement of control stations on
the western and eastern ends of the surveyed area. Representations of
systematic errors have been discussed by Burford (1965). Burford coun-
sidered cases of finite pure shear with hypothetical baselines placed at
various angles to the principal strain axes and concluded that the effect
of possible systematic errors on the result of strain analysis is
negligible.

Unfortunately the 1954 survey covered only part of the triangulation
network which was observed in 1955, Some of the 1954 measurements were
made after the July 6, 1954 earthquake and some after both Fallon-Stillwater

earthquakes. Thus, the triangulation stations have been classified in the
following four categories:

a. Stations such as Grim2s whose displacement vectors represent
the sum of twenty years of creep plus movements which occurred
during the four 1954 earthquakes (concentric circles in Fig. 2).

b. Stations such as Lava which were surveyed in December 1953 and
re-observed in May 1955 (black dot within circle in Fig. 2),

¢, Stations such as Carson Sink which were surveyed after the July
6, 1954 earthquake (half-black dot in Fig. 2).

d. Stztions such as Wonder whose displacement vectors represent
only displacements at the time of the Farrview Peak-Dixie Valley

earthquakes (cross within circle in Fiz. 2).

This distinction between stations will bear especially on the inter-
pretation of the map of principal strains

In addition to the retriangulation of the area, clevaticn benchmarks
were releveled. Those extending across the Stillwater Range were origin-
ally leveled by the U. & Geological Survey in 1907-1908, and those along
Highway 50 and Road 23 east of Fairview Peak in 1934. These data, which

are also shown in Fig. 2, show a general downdrop of the area and will be
ged in the strain energy calculat:ions.
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The leveling data are of poor reliability and represent the summa-
tion of the vertical components of all post-1908 tectonic movements for
the Dixie-Stillwater area and post-1934 movements for the remainder of
the surveyed area. 1In the present study it is assumed that these verti-
cal displacements represent mainly movements which occurred during the
Fairview Peuak-Dixie Valley earthquakes.

The triangulation network re-observed by the U. S. Coast and
Geodetic Survey comprises only the southern part of the region affected
by the four earthquakes of 1954. Thus, the epicentral areas of the Dixie
Valley shock and of the August 1954 Fallon-Stillwater shock are not com-
pletely covered by horizontal displacement data., These limitations must

be considered in the interpretation of derived strain information.

C. Calculation of Surface Strain and Volumetric Dilatation

The displacement components u and v for each triangulation station
were computed with respect to an orthogonal x, y coordinate system where
the x and y axes were taken in the eastward and northward directions,
respectively. Stations were grouped in such a way that they formed the
smallest and most nearly equilateral triangles. Close approximatiors of
the magnitudes and directions of the principal horizontal strains were
calculated for each triangle under the assumption that strain is uniform
within each triangle.

Kasahara and Sugimura (1964) assumed the displacement components to

be given by

x2 + a,xy + a

u=a, +ax-+a,y+ a3 4

2
o 2 57 »

and

<
fl

2 2
bo + blx + b2y + b3x + baxy + bsy ,

and therefore needed the data of six independent stations to determine the

unknown constants. In the present study, we assume that the displacement
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components u and v can be adequately approximated by linear functions of
x and y so that three stations of a triangle are sufficient to determine

the constants.

All strain components were calculated with a computer program

written by Burfori (1965). The magnitudes and directions of the principal

strain axes are shown in Fig. 3 for each outlined triangular area.
Vertical strain and volumetric dilatation were also computed for
each prism whose top is limited by the same triangle used to compute the
horizontal strain and whose base was assumed fixed at a depth H (Fig. 6).
The vertical changes of the surface of the ground were determined from
the leveling data for the triangles nearest the leveling lines and the
vertical movement was considered to be uniform over the entire surface of
each triangle. Changes in elevation were not assumed within triangles
for which releveling data were not available, and the vertical strain
component was taken to be zerc in these same areas. Volumetric dilatation
was computed for H equal to 10, 15, and 20 km, a range of thicknesses
baged on estimates of focal depths discussed above.

Fig. 4 shows the
areal variation in volumetric dilatation for H = 15 km.

E. Interpretation of the Cnrputed Strain Patterns

The region under study may be divided into several areas according
to the directions and magnitudes of the principal strains and the values
of dilatatinn.

The area east of the Fairview Peak-Dixie Valley fault zone is in

genera) characterized by a predominant NW-SE contraction which is larger

in magnitude than the NE-SW extension. The map of volumetric dilatation

(Fig. 4) shows an overall contraction which decreases in magnitude east-

ward from the Fairview Peak-Dixie Valley fault zoue.

The strain triangles which cross the Fairview Peak, Gold King, and
West Gate faults, and the south end of the Dixie Valley fault, were sub-
jected to discontinuour extension due to slippage on the fault planes,
some of which showed surface offsets and ground breakage. Unfaulted

material within these triangles on both sides of the fault, however,
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presumably underwent smaller, continuous elastic contraction much the same
as that shown in triangles immediately to the east and west of the breaks.
Computed strain results for triazngles which cross {aults are thus a com-
posite of the two oppusite effects, with the larger, discontinuous exten-
sion associated with fault slippage predominant over the contribution of
elastic rebound (Fig. 5). The magnitude of the apparent strain in these
triangles, treated as if the deformation were vniform over each triangle,
varies from 6 x 10-5 to 3 x 10_4. The values of the apparent volumetric
dilatation asgociated with these triangles arn all positive due to the
fault slippage as shown in Fig. 4.

Principal axes of contraction in the region east of the Fairview
Peak-Dixie Valley fault zone are generally parallel to the directions of
maximum extension determined within triang’es spanning the breaks (Fig. 3),
reflecting the elastic rebound nature of the disturbance.

In order to analyze the strain pattern on the west side of the
Dixie Valley-Fairview Peak fault zone, triangulation stations whose dis-
placements represent movements of the crust during different time inter-
vals were used in the calculations. Areas of similar strain distribution
can_ however, be distinguished.

A strain pattern comparable to that found on the east side of the
Dixie Valley-Fairview Peak Fault is observed directly to the west of this
fault.

The east side of the Sand Springs Range between stations
"Sandsprings,”" "BM-X46," and "Sheelite" (Fig. 2) also shows predominant
extension in the NW-SE direction asscciated with volumetric dilatation
Comparison of this cbservation with the apparent strain pattern obtained
across the Fairview Peak fault leads to the suggestion that probably some
movement occurred on & fault along the east base of the Sand Springs
Range during the Dixie Valley-Fairview Peak earthquakes (Fig. l1)}. The only
known surface expression that may be related to this movement is a small
fissure which was observed (Fig. 1) at Frenchman®s Station (Slemmons, 1957)

Kasahara (1959) noted that the rate of decrease of the N-S or E-W

components of the displacement vectors shown in Fig. 2 3 smaller to the
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east than to the west of the Fairview Peak fault. He suggested that this
asymmetry may be due to an 80° eastward dip of the fault plane, However,
from the present study it is seen that the rapid decrease on the west
side of the fault may be due instead to slippage along the Sand Springs
Range fault.

In the area which crosses the Rainbow Mountain fault zone the
strain pattern is governed by a NW-SE apparent extension which is smaller
in magnitude than the NE-SW contractjon, resulting in an overall volume
loss (Figs. 3 and 4), An explanation of this pattern is that the magni-
tude of the NW-SE elastic contraction associated with the Dixie Valley-
Fairview Peak earthquakes reduced the NW-SE apparent extension which was
associated with the activity on the Rainbow Mountain fault prior to the
two large shocks on December 15, 1954, The sum of the two effects thus
resulted in a residual volumetric contraction.

The apparent strain pattern across the Rainbow Mountain fault zone
thus suggests significant components of right-lateral movement along this
fault at the time of the 1954 earthquakes. Tocher (1954) reported only
dip-slip displacement along the fault in this region.

In comparing the directions of the principal strain axes computed
for the epicentral areas with the parameters of the fault plane solutions
given by Fara (1964), one can note that the axes of minimum compression
at the epicenters of the two Rainbow Mountain earthquakes and the Fairview
Peak earthquake are roughly parallel to each other and parallel to the
principal axes of extension in the cpicentral areas, suggesting that the
earthquake mechanism was similar for all three shocks.

Apparent E-W extension in the area west of the Rainbow Mountain
fault coincides with a N-8 band of positive dilatation (Fig. 4). suggest-
ing possible dip-slip di

stations "Grimes'" and "Fallon Airport."

splacement along an unmapped N-S fault between
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F. Accuracy of the Strain Analysis

The azimuths of the first order triangulation data are given to
the nearest 0.01". Therefore, the largest error in the angular data of
the survey is approximately +0.01". First order triangulation surveys
are believed to be accurate to within +5 x 10-6 (Pope, Stearn and
Whitten, 1966).

All principal strain values less than 5 x 10-6 are therefore open
to suspicion although it will be shown later that the strain values are
probably known to better than 5 x 10-6.

The volumetric contraction of the entire area to a depth of 15 km
is 4 x 10'6. Since the posgible error is as much as 1.5 x 10-5, this
contraction is probably not significant and no conclusion can be drawn
about the volumetric change of the entire region.

The present method of strain analysis is limited in several criti-
cal ways. 1In order to obtain magnitudes for the principal strains and
dilatation, it is necessary to assume the existence of fixed baselines
or stable points in one or more places in the triangulation net and the
absence of significant earth motion during the periods of field observa-
tions.

Frank (196€) has pointed out recently that one can extract the

local shear strains

Yy = (egy - epy) and v, = (e, +e)))

from the angle weasurements of every triangle which was resurveyed with-
out knowledge from adjoining areas and without a reference length

ASiipp i

To evaluate the accuracy of the present study, the maximum shear

. 2 2.1/2 . . .
strain ¥ = (Yl + Yz) and the orientation of the principal strain
axes given by tan 20 = Yl/YZ was calculated for the eleven hatched

triansies shown in Fig. 3. The values obtained from the two independent
methods are compared in Ta' le 1.
Using Frank's expression for the maximum sheir for an equilateral

triangle, it is found that an angular error of 0.01" may produce a




~15-

spurious strain of only 2 x 10-7. This value is the largest error of the
maximum shear strain as deduced by Frank's method. The corresponding
orientations of the principal strain axes are therefore accurate to two
degrees.

By comparing Frank's values in Table 1 with the values deduced
from the present study one can observe that they agree quite well. Since
the maximum discrepancy between the strain data is only adout 3 x 10-6,
it is concluded that the strain values of the present study are accurate
to 3 x 10-6 instead of 5 x 10-6‘as mentioned earlier. Similarly, possible
errors for the orientation of the strain axes do not exceed 5°.

Frank's method utilizes data which are closer to actual observa-
tions and therefore the comparison of results from the two methcds gives

us an insight into the accuracy of the present analysis.
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II. STUDY OF THE STRAIN ENERGY RELEASE

A. General

Several estimates of strain energy released during earthquakes
have been computed from geodetic observations and were each based on spe-
cific assumptions regarding the earthquake mechanism.

Byerly and De Noyer (1958) assumed that the strain energy released
by a shallow earthquake is equal to the work done along the fault plane
at the time of the break. They obtained 1.5 x 1022 ergs for the Dixie
Valley~Fairview Peak carthquakes.

Knopoff (1958) attributed the cause of an earthquake to the forma-
tion of a crack in a material undergoing uniform strain and derived the

following expression for strain energy:

& = 1/16 n 52 L
where

the modulus of rigidity

=
n

the fault displacement at the surface
the length of the fault break

One of the boundary conditions imposed on these medels is the
vanishing of stresses on the fault plane, which ignores stresses se: up
by local rotation and dilatation of the material at the time of the earth-
quake.

Niazi (1964) computed the rclease of shear energy for a spherical
focal mecdel with & laminar displacement field in which the stresses across
the fault plaie after the earthquake are assumed to be discontinuous but
finite. Taking 80 km as the length of the Dixie Valley-Fairview Peak fault
and 370 ¢m as the maximum relative displacement along the fault break, he
determined a strain energy release of 1.5 x 1022 ergs fcr the Dixie Valley-
Fairview Peak earthquakes. Adopting Niazi's values (u = 3 x 1011 dyncs/cmz,
S = 370 cm, L = 80 km) a strain energy release of 6.5 x 1022 ergs for these

same earthquakes is obtained using Knopoff's formula. A representation of
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f ulting by dislocation theory has been used more recently by Press (1965)
tc compute the change in the strain field which accompanied the Alaskan
earthquake of March 27, 1964. Press gave an estimate of the elastic

strain energy released by this earthquake by evaluating the volume integral:

-

2
J, 02+ Jav

M =113 %13
where eij are the strain components, Ais the dilatation, and A and W are
Lame's constants. He used the theoretical strain change which best fit the
observed fault parameters.

In this paper we evaluate the total strain energy released by the
four large earthquakes which occurred in 1954 in the Dixie Valley-Fairview
Peak area which are responsible for the previously observed changes in posi-
tions of survey stations.

The above volume integral was computed for each crustal prism. The
sum of all these individual volume integrals thus yields an estimate of the
strain energy released. The advantage of this method compared to previous
estimates is that no assumption concerning the earthquake source mechanism
is necessary. It is only assumed that the energy released was confined to
the elastic part of the earth's crust. Since there is no way to estimate
the residual strain field which existed after the 1954 earthquakes it is
also assumed throughout the following calculations that the strain field

dropped to zero at the time of faulting.

- B. Computetion of the Strain Energy and Comparison with the Energy
Inferred from the Earthqurke Magnitude Scale

To compute the strain energy released by a crustal prism as shown in
Fig. 6 it is assumed that the crustal material is elastic a2nd isotropic and
therefore the directions of the principal axes of stresses and strains are
i1dentical.
- Only a few data for level changes are available, and unfortunztely.
these points usually do not correspond to triangulation statioms. The
representative value of vertical displacement. AH, chosen for each triangle

i5 assumed to be uniform over its surface S (Fig. 6). Since the variation
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of strain with depth is unknown, computed horizontal strains and the ver-
tical strain component given by AH/H are applied as constant throughout
the volume of each prism down to the base, below which these strains
vanish.

The following strain components are defined with the use of u; v,

and w as the -omponents of displacement at each station in an xyz
coordinate system,

e S, X 3w
11 "% ' %22 T3 0 %33 TRz’
1,0u ., Av, |
e1p = & =30y TR
- e lu | Bw,
ey = eg; T30t )
e =e --]‘-E’—VZ'éx)o
32 23~ 23y T A2’

wp ic the strain energy released by each crustal prism considered as an
elementary volume;.by expanding the volume integral mentioned above for

each crustal prism and assuming A = uy one obtains-

N 2 2 2 2 2.2 . 2
zwp = (uley teyteql)” + 2ule] j+2e] +2e] +2e, sre, +e))S H -

Due to the fcregoing assumptions, e13 = )3 = 0, and eyy = AH/H .

The expression for strain cnergy thus reduces to:

. e 2 2,2 2 2 .
pr = (h\e11+e22+e33) + 2u{e1f+e22+e33+2e12))5 H.

Usually the coefficient of rigidity is estimated to be about

5 x 10 " dynes/cm” at an earthquake focus, This estimate is based on

information obtained from the propagation of seismic waves (Tsuboi, 1956;
Press, 1965). However, Benioff (1951) suggested that p may decrease

sharply around a fracture zone. Byerly and De Ncyer (1958), Knopoff (1958)
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and Niazi (1964) followed this suggestion and assumed p = 3 x 1011

In this study we applied a value of 4 x 1011 dynes/cm2 for this coefficien

dynes/cmz.

t.

The computer program used to obtain the horizontal strain components

e and €95 and e, was modified to compute wp for each crustal prism.

The total apparent strain energy releasec obtained for the whole area,

23

assuming H = 15 km, is 1.9 x 10~ ergs. The contribution to the total from

all prisms not cut by active faults within the Dixie Valley-Fairview Peak

fault zone was 0.7 x 107~ ergs, and reprecents an cnergy release due to

elastic rebound. Only part of the remaining apparent strain energy release

of 1.2 x 1.023 ergs, computed for prisms situated along the Dixie Valley-

Fairview Peak fault zone, is due to elastic strain rebound. The other part

is meaningless, and results frem non-elastic deformation. This apparent
energy cannot be taken into account since only elastic strain changes sre
considered in the present analysis. An evaluation of the contribution to
the total elastic strain energy release from the prisms containing active
fault surfaces is necessary, however, since they comprise a significant
volume of material within which the largest clastic changes occurred. It

is possible to arrive at an estimate of this contribution by considering

the areal distribution of energy density on the east side of the fault zone.

This distribution was derived by dividing the cnergy contribution of each
unfaulted prism by its volume.
It was found that the energy density within the area cast of the

Dixie Valley-Fairview Peak fault increased from cast to west toward the

fault zone. A linear extrapovlation of this trend into the fault zone yields

13 . ,
an estimated average of 6 x 10 e:‘gs/cm3 for material within the faulted

prisms. This density value was multiplied by the total volume of the

2
faulted prisms, yielding a value of 0.6 x 10 3 ergs {or the estimated contri-

bution from faulted prisms to the total elastic rtrain energy release.
Accordingly, the total strain energy release due to elastic rebound

pproximately equal to (0.7 + 0.6) x 1023 ergs = 1.3 x 1023 ergs.

0

is
There are two major ressons for suggesting that the computed elastic

strain energy represents onty a lower bound for the total strain energy
release:
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A. The area investigated comprises only part of the region
affected by the four carthquakes of 1954,

B. It is assumed that the strain field dropped to zero after the
1954 earthquakes and therefore the calculated strain energy release is
minimum,

An estimate of the seismic wave energy released during each of the
four 1954 shocks can be derived from the familiar Gutenberg-Richter

relation:
P = 1
log10 E=11.84+ 1.5 M

wheve M is the magnitude of the earthquake and E the seismic wave energy
in ergs.
The seismic vave energy values contained in Table Z have been cal-

culated using the wmagnitudes given by Tocher (1958). The total wave

EARTHQUAKE DATE MAGNITUDE M | WAVE ENERGY in ergs
FALLON Juiy 6, 1954 6.6 0.5 x 10%2
s .22
FALLON August 24, 1964 6.8 1 x 10
-t Toer T 22
FAIRVILW sec, 16, 1964 7.4 8 x 10
22
DIXIE VALLE Dec. 16, 1964 7.1 2.8 x 10
TABLE 2.

iagnitude-Energy Relations

energy dissipated by the four main shocks is 1.2 x 1023 ergs. Only 147
of this energy is due to the Fallon-Stillwater earthquakes.

The strain encrgy -cleased by elastic rebound is approximately equal
to the indicated scisnic wzve energy of 1.2 x 1023 ergs. It must be

emphasized, houever, that the computed elastic rebound energy may be
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considered a minimum value and also that the transformation factor frcm

; elastic rebound energy to wave energy is less than unity.

C. Gravitational Potential Energy

The elastic strain energy is only part of the original potential
' energy stored in the rock, another part being gravitational potential
[ energy. Any vertical change in the ground level occurring during an
! earthquake creates a change in gravitational potential energy; a regional
downdrop may yieid kinetic energy and any uplift may absorb it.

In order to devise an expression for this change in potential energy
due to a vertical level change AH of the top of the crustal prism shown

in Fig. 6 the gravitational potential energy of an elementary volume of

this prism must be defined.

A volume dv = dx - dy - dz at a height z above the -:ference planc
is considered in the strain state of case I of Fig. 6. The potential energy

of this elementary volume of rock is
d) = g 2p dx dy dz

where g is the ccceleration of gravity and P the density of the prism in

state 1. By integrating, onc obtains the potential energy of prism I
H 2
H
(’JI gps J(; 7 dz = gnS - .

S and H are the cross-sectional surface and height of the crustal prism in
state I.
. During strain release, the crustal prism passes from state I to

state 1I; the level of the elementary volume is changed by the amount dz
and the top of the prism by AH.

[l & | cunar

1f S1 and Dl are the cross-sectional
surface and the denrsity of the prism in state II, the potential energy
of prism II is:

: 2
] = (i + AH)
’ br=87 8 3 :

alasiad
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Since it is assumed that the mass of the prism is not changed, the
following relation applies:

o mLHS
1 (H+ AH)S1 )
Therefore, one can readily obtain

p o BPSH(H+ M)
11 2 '

The difference between ¢II and ¢I gives the change in gravitational
potential energy AP which occurs with the strain release of any crustal

prism. AP is given by:

ﬂII - ”1 = Ad=g p S H (AH)/2 .

The change in gravitational potential energy is positive for an uplift of
the crustal block, corresponding to an absorption of kinetic energy.

The change in gravitational potential energy was calculated for each
crustal prism and all values were added to yield a total change in gravita-
tional potentjal energy of -4.3 x 1023 ergs for H =15km. Out or the few
bench marks which were releveled in the Dix.e Valley-Fairview Peak area,
only four showed a local upiift whereas most showed a regiounal drop, which

leads to a net rvlease of gravitational potential energy.

D. Conciusions

The total energy change which takes place during an earthquake
includes both changes in strain energy and gravitational potential energy.
The sum computed for the Dixie Valley-Fairview Peak ecarthquakes of 1954
is 5.6 x 1023 ergs for H = 15 km. Two-thirds of this energy was released
by a change in gravitational potential and the rest is attributable to
strain rebound.

Since the energy radiated from the earthquake sources in the form of
elastic waves was found to be 1.2 x ]023 ergs, there is an excess of at
lease 4.4 x 1023 ergs which must have done mechanical work or was dissi-

pated as heat at the moment of the earthquake.
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Bomford (1962) states that the accuracy in loveling work is actually
about +1 cm. Assuming a crustal thickness of 15 km, onc thus finds that
an uplift of 1 ¢m over an area of 25,000 km2 would absorb 5 x 1623 ergs.
This would mean that while the Dixie Valley-Fairview Pcak area was under-
going an important subsidence, the region included in a 100 km radius
around this epicentral area could have been affected by an uplift of
about 1 cm at the time of the 1954 earthquakes, an uplift which was not
detected because of the limited extent of the leveling survey and because
of its accuracy. This suggestion is supported by observations throughout
broad regions in Japan and especially by the vertical displacements which
occurred albeit on a small scale during the Tzu Earthquake .n 193G (Inoue,
1960).

The areal distribr cion of surface strain accompanying the Dixie
Valley-Fairview Peal carthquake illustrates the suggestions that volume
changes accompanying large earthquakes in the Basin and Range Province
are consistent with elastic rebound theory (Thompson, 1965). Furthermore,
the energy study of these same earthquakes leads to a similar conclusiom.
Vertical displacements observed in the epicentral area and suggested in
the surrounding area can be regarded as a Poisson bulge related to the
observed surface strains. Interpreted in this way, the vertical displace-

ments are consistent with an elastic rebound model.
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ABSTRACT

Three reversed seismic refraction profiles were shot
in Smith Creek Valley, Nevada, during September, 1966, to determine
the depth and structure of the high-vetocity basement. This work
complements a gravity survey (Cabaniss, 1965) and an aeromagnetic
survey (Salehi, 1965) in the same valley.

An interpretation of the seismic data exclusiie of the
gravity and aeromagnetic information indicates that the basement
in both Smith Creek Valley and Dixie Valley (Meister, 1966) is
similar in structural complexity. The maximum depth to basemenc
in Smith Creek Valley ranges from 6500 ft. to 8000 ft. as
compared to 10,000 ft. in Dixie Valley though a greater depth

under the playa may be possible.
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I. INTRCDUCTION

In September of 1966, three reversed seismic refraction profiles
were shot in Smith Creek Valley, Nevada, to determine the depth of the
high-velocity basement. These profiles complemented a gravity survey
by Cabaniss, 1965, and an aeromagnetic survey by Salehi, 1965. (The
location of the valley can be se¢en in Fig. 1, Part I. The location
of the three profiles is evident from Fig. 1.)

The first refraction line was located parallel to the probable
structural trend; the other two lines were perpendicular to probable
structure. A basement velocity of 16,500 ft/sec was reversed on two of
the lines; the high apparent velocity observed on the third line is
also believed to be from the basement refractor even though this line
was not reversed. Basement depths relative to a 6000 foot datum approxi-
mating the altictude of the valley floor range from about 1000 feet to
8000 feet.

Surface charges were used as an energy source for all three
lines. The charges were set up in a fashion suggested by Buffet and
Layat (1960); twenty pound charges of Nitramon WW were placed on the
surface fifty feet apart in square or rectangular patterns, the
long axis of the rectangle always being parallel to the direction
of the profile. When a multiple charge shot was detonated, all the
charges on the side of the rectangular pattern farthest from the geo-
phone line were detonated by Primacord which was tied at one end to
cap-primed charges; the other end was inserted into the charges nearest
the spread. Primacord inserted into a Nitramon WW booster was satis-
factory for detonating the charges, so that caps were necessary only
for the initial charges of a given shot. When the distance between
charges was decreased to 30 feet, no change in the quality of record
obtained was noted, although Buffet and Layat suggested a spacing of
about 60 feet,.

Detonating charges in this manner proved to be satisfactory both
on the alluvial fan and the playa surface, Although no shots were fired

in drilled holes general experience indicates that surface charges would
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compare poorly in terms of record quality to an equal charge placed

below the water table. A slightly better record can be obtained using

a pattern of twenty pound charges suspended eight feet above the surface

rather than an equal number of twenty pound charges resting on the

surface. However, the primary advantage of surface charges over

suspended charges is the reduction in set up time without significant
loss in record quality.

The seismic equipment used for this survey was identical to that

used in the 1965 survey of Dixie Valley. The method of transmitting

the shot break is described in Part II.
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II. ANALYSES OF PROFILES

A. Profile SC-1

Contrary to expectation, Profile SC-1 proved to be structurally
complicated, and the use of a simple intercept time method of interpre-
tation is not valid. The delay time method (Nettleton, 1940) was used

instead, and dips were determined using a method outlined by Soske
(unpublished notes).

The structure in the 10,200 ft/sec material is suggested

{Fig. 2) by the time-distance curve of §2. Similar intercept times at

S1A and S1 suggest that the structure is channel-like.
As it is unreasonable to assume that the delay time at any shot

point is equal to that at the geophones the delay time at some shot

point or gecphome must be assumed. The configuration shown in Fig. 2

is greatly constrained by the small intercept time observed at S3.

Shot point S3 is about 3000 feet from a fault scarp at the base of the

Desatoya Mountains (Fig. 1). The fault study in Part II of this report

suggesits a depth of 1000 feet to basement from the scarp on the west

side of the valley. Note that the other shot points and the geophone

line are much farther from the scarp.
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B. Profile SC-2

The record of shot W2 shows a velocity of 8200 ft/sec on the

first part of the record, Fig. 3. There are.basically chree expla-

nations of this velocity:

1. The refractor has a true velocity of 8200 ft/sec.

2. 8200 ft/sec is an up-dip apparent velocity from refractor
with a down-dip apparent velocity of 7600 ft/sec, as ob-
served on the first part of the record for shot E2.

3.

8200 ft/sec is a down-dip apparent velocity on a 12,000
ft/sec refractor. The dip of the refractor is less on
the east side of the spread and yields an 11,000 ft/sec

apparent velocity. The 7600 f£t/sec velocity comes from

a separate layer.

The first and second possibilities both place higher speed

material (either 8200 ft/sec in the first case or 7900 ft/sec in the

second case) so close to the surface as to be inconsistent with the

records of shots Wl and El. That is, if such material is indeed close

to the surface, higher speed arrivals should have been observed on the

records of W1l and El. The third interpretation is both physically

and geologically plausible,.

The depth to basement was calculated using delay times. It is
possible to change the distribution of total delay time to increase or
decrease the depth to a refractor under the geophones and thereby de-
crease or increase it under the relevant shot points. Also, the 12,000
ft/sec velocity assumed for the entire thickness of material between the
observed 12,000 ft/sec refractor and the basement refractor may be high.
if it is assumed that the 12,000 ft/sec refractor is thin enough to be
ignored in a calculation of depth to basement and that the average
velocity between the 12,000 ft/sec refractor and the basement is 10,000
ft/sec, then the depth to basement would be decreased. The top of tue
shading indicates the depth to basement obtained using a 10,000 ft/sec
average velocity instead of 12,000 ft/sec.
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C. Profile SC-3

A basement velocity of 16,500 {t/sec was observed on the record
of shot point W4, It was not reversed. The interpretation as shown in
Fig. 4 assumes that the observed velocity of 16,500 ft/sec is a true
velocity., It is further assumed that the delay time to bazement for
shot roint W4 is the same as that for shot point 82 of profile SC-1.
The ..avy line at the bottom of the shading is the position of the
basemernt refractor assuming all of the intermediate material has 2
velocity of 12,000 ft/sec. The top of the shading indicates the depth

to basement assuming an average intermediate velocity of 10,000 ft/sec.
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IT1. SOURCES OF ERROR

Distances on the playa were measured using a truck odometer.

It was calibrated cver a known distance with a precision better than
40.02 miles or about 100 feet. Other distances were scaled from air
photos. For profile SC-2 it was possible to compare odometer and
air nhoto distances. The two methods never disagreed by more than
two percent.

All of the shots, with the exception of shots W3 of profile SC-2,
were within two degrees of being on line. W3 was about five degrees
south of profiles SC-2 (measured from the recording truck). Differences
in shot point elevations were measured with an altimeter to within
five feet.

Shot brezk times have a probable accuracy of 2 milliseconds.
First breaks are accurately picked to within 2 to 5 milliseconds de-
pending on the quality of the break.

The largest source of error in this survey is inherent in the
refraction method. The change in velocity with depth is inferred
from limited data. Possible depth errors due to poor velocity
assumptions can be great, as is illustrated in Figs. 3 and 4. No
weathering velocities were obtained for this survey. A weathering
velocity of 2500 ft/sec was assumed for the thin, low speed layer which
overlies the thicker subweathering layer observed to give velocities
of 5500 ft/se2c to 6250 ft/sec. Since the weathered layer is obviously
quite thin, no important error is expected as a result of using an

assumed velocity of 2500 ft/sec.
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IV. CONCLUSIONS

The sediments and wolcanics overlying the basement in Smith
Creek Valley are 6500 to 8000 feet thick near the center of the
valley. Much more work would be required to completely describe the
subsurface basement in Smith Creek Valley, but it appears to be

similar to Dixie Valley in the following ways:

1. Maximum depth to basement: Dixie Valley - 10,500 feet;
Smith Creek Valley - 6500 to 8000 feet. More work might
reveal deeper basement in part of Smith Creek Valley
beneath the playa.

2. An intermediate layer with velocity 10,000 ft/sec “o
12,000 ft/sec is present in both Vvalleys.

3. Both valleys have a structurally complex basement.
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AEROMAGNETIC SURVEY OF SMITH CREEK VALLEY, NEVADA
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ABSTRACT

An airborne magnetometer survey vas conducted in Snith Creel:

valley, Nevada, in the summer of 1965. ‘“The survey strongly wndicated

a rock body~-perhaps a volcanic plug covered by the valley {ill--with

reverse remanent magnetization. It also indicated the existence of

severai blocks, in the basement, with normal magnetization,

The maximum depth to the basement was found to be apprcximately
3700 ft.

No definite proof of major faulting could be obtained but indi-
cations of a major geological boundary, lithological if not structural,
were observed along the central part of the valley and parallel to
the gencral structural trend.
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I. INTRODUCTION

For the purpose of study of the Basin and Range structures the
Department of Geophysics at Stanford University started a scries of
magnetic, gravity and selsmic surveys in Dixie Valley, Nevada, in the
summer of 1964, Later it was found necessary to extend these investi-
gations to some of the other localities in this general area, As the
first part of the latter phase an airborne magnetometer survey was
conducted in Smith Creek Valley in the summer of 1965,

The main objective of this survey was to obtain a first estimate
of the basement depth in the valley and to investigate the existence
and attitude of possible faults below the valley fill.

A ground survey of the area was also made to investigate the
existence of some reversely magnetized rock units as indicated from
the interpretation and analysis of the data. A few orieanted samples

were collected and the direction of polarization was examined.

V.
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ITI. GENERAL INFORMATION

Smith Creek Valley is located between 39° 00’ and 39° 00° North
latitude and 117° 25% and 117° 26’ West longitude in the Basin and
Range province of Nevada. It is separated from Dixie Valley by
Desatoya Mountain, Edwards Creek Valley and Clan Alpine Mountain. The
area is accessible by U. S. Highway 50 (Fig. 1).

Smith Creek Valley is a rather narrow, almost north-gouth trend-
ing valley bounded by the Shoshone Mountains on the east and Desatoya
Mountain on the west. Similar to many other valleys in this physio-
graphic province, the boundaries between the valley and the confining
ranges are steeply dipping normal faults.

The north and south extremes of the valley terminate gradually
into elevated hills of much lower altitude than the ranges.

To the knowledge of the writer, no information on the geology c£
Smith Creek Valley has been published and no maps are availablc On
the basie of a very short field trip to the area and some personal
discussions¥ it appears that, except for the south central parts of the
Shoshone which are composed of some Mesozoic rocks, the ranges are
mainly Tertiary volcanic material such as tuffaceous rhyolitic and fel-
sic rocks and occasional mafic flows. The valley fill is assumed to be

compogsed mostly of lake and stream deposits.

*Dr. Bonham, University of Nevada
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IIT. COLLECTION OF DATA

Flight elevation was maintained at 7500 ft above gea level through-
out the survey. It was necesgsary to reset the altimeter every hour or so
in order to maintain a constant flight elevation. Flight speed varied
slightly from one line to another due to the wind speed and direction.
Nevertheless, an air speed of approximately 75 miles per hour was main-
tained.

A Varian M 49 proton precession magnetometer was ugsed, The sensing
head was towed at the end of a 120 ft long nylon tow cord to eliminate
the magnetic effect of the plane; and to prevent voll and spin of the head
a stabilizer tail was attached to it. Considering the inclination of the
towing cord during the flight, the effective flight elevation was approxi-
mately /5 ft below the plane sltitude, i.e., 7425 ft with respect to sea
level.

The addition of 120 ft of transmissiocn cable to the original cable
between the sensing head and the main instrument caused a voltage drop.

In order to have & strong polarizing voltage an external battery was put
in series between the instrument's internal battery and the sensing head
through the polarizing circuit.

Although the M 49 magnetometer is equipped with an automatic
pnlarizing device, this device was not used, because the noigse of the
plane made it difficult to hear the precession signal. In the event that
some background noise was present on the reading dial, as was the case
most of the time, the precession signal could not be distinguished from
the instrument noise and consequently some readings would have been missed.
Therefore the instrument was polarized manually every ten seconds.

The survey was carried out in the following manner: the projected
flight lines were marked on the program map and the points where the lines
would cross road intergectiong or other landmarks were numbered as check-
points. Using the aerial photographs and the topographic sheets, the
flight lines were go arranged that each line would pass through as many
landmarks as possible. The pilot and the recorder each had a copy of the

program map during the flights,.
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When the flight elevation and orientation were achieved the pilot
would signal the operator to start and he would immediately start a stop-
wvatch and make the first reading.

From then on he would make a reading
every ten seconds.

When the plane reached a checkpoint the pilot would
read out the checkpoint number and the operator woulid give the time.

The
recorder took note of the time and checkpoint number.

Since the spacing
between the checkpoints was reasonably short this arrangement removed the

effect of the air speed variations considerably,
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IV. DATA CORRECTIONS AND PREPARATION OF THE TOTAL INTENSITY MAP

The values of the diurnal variations of the earth's magnetic
field during the survey hours were obtained from the continuous record
made by Varian Associates at Menlo Park, California., It was assumed
that the difference of these variations between Menlo Park and Smith
Creek Valley was small enough to be neglected. The magnitude of the
diurnal variations during the survey hours was 30 Gammas at the most
and the average anomaly encountered in the survey was of the order of
400 Gammas.

After correction for the diurnals the data were plotted on a
map in the following order: since the time interval for flying from
one checkpoint to the next and the number oi readings recorded between
these two points were known, the data points were linearly distributed
between the checkpoints assuming a constant air speed over the interval.
This scheme removed the effect of the speed variations. Nevertheless,
the absolute position «~f the data points is perhaps accurate within
250 ft, this inaccuracy being due to probable navigational uncertain-
ties. However, the maximum mistie at the intersection of the flight
lines did not exceed 15 Gammas and the misstie, where it existed, wa-
removed by giving mere weight to the line over which the checkpoints
were closer together as compared to the intersecting line.

The direction and magnitude of the regional gradient of the nor-
mal geomagnetic field were computed from the Total Intensity ¢hart of
the United States (1955). This gradient was tound to be 2 1/2 Gammas
per mile in N 25 E direction.

Tne regional gradient was removed from the map by taking a N 65 W
reference line at the left edge of the map and subtracting thke regionals
computed by the mentioned 2 1/2 Gamma gradient from the original data.

The total intensity map (Fig. 2) was then prepared by contouring
the corrected data at 50 Gamma intervals, taking the reference level as
33000 Gammag. This reference level is the value for the normal geomag-

netic field at the survey location as given by the Total Intensity
Chart.
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V. RESIDUAL AND SECOND VERTICAL DERIVATIVE MAPS

An Algol computer program was written for computing the residual
and second vertical derivative values using the nine-point scheme
explained by Henderson and Zeitz (1949),

Since the main interest in the survey was study of the larger

magnetic features presumably related to the basement, a grid interval of

cne mile was chosen so that the effect of the smaller near-surface sources
would be attenuated.

Figures 3 and 4 are the residual and second derivative maps.
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VI. INTERPRETATIONS

The most pronounced feature observed on the total intensity, resi-
dual, and the second derivative maps, is a closed negative anomaly south
of Highway 50. ‘fhe lowest observed field value is 53,000 Gammas; the
observed field even over the non-magnetic rock bodies is not expected to
be lower than 53,000 Gammas. One possibility for having thig kind of
closed low is the existence of a rock body with reverse remanent magne-
tization. Of course, should there exist a very strong positive anomaly
agsociated with the low, it would be interpreted as part of tne anomsly
due to a rather low-dipping magnetic body. Since no such feature exists,
it can be interpreted as due to a block with reverse remanent magnetiza-
tion. Unfortunately, there are no exposures corresponding to this nega-
tive anomaly. The samples of volcanic rocks collected from the neighbor-
ing areas did not show reverse remanent magnetization. This implies that
the suggested reversal is restricted to a confined body, perhaps a vol-
canic plug.

On examination of the central parts of the maps & clear character
difference between the western and eastern halves of the contoured area
car readily be seen. Actually, a hypothetical line, XX', (Fig. 2) can be
drawn to separate these two zones. On the west side of XX' several
isolated anomalies and rather high magnetic gradients characterize the
zone while to the east of this line the field variations are very gentle.
Based on this observation one could consider XX' as marking a lithological
boundary across which the gross magnetic properties of the adjacent rock
units change, i.e., the block west of the line consists of an assortment
of different blocks with sufficient magnetization contrasts to produce
the isolated anomalies while the block east of the line is magnetically
homogeneous.

A second interpretation would be to assume that the line represents
the approximate position cf a fault with the downthrown block to the east.

The throw of this fault should be large enough that the anomalies from
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the downthrown bleck are not distinguished due to their great depth,

This interpretation, however. faces the difficulty that one would expect
to observe a high gradient parallel to the line if it represeats a Jfault.
Alternatively, one can speculate that the anomalies west of the line are
perhaps related to several volcanic plugs aligned along a fracture zone
parallel to the main boundary faults in the valley and that the line
represents the boundary of this fracture zone.

A third and more conservative interpretation is to ignore the
line altogether and assume that :he anomalies in the western part of the
mapped area are due to some confined rock bodies with marked magnetization
contrasts~-and it happens that no such bodies are present in the eastern
part. A somewhat subjective view of the writer is that this third possi-
bility is improbeble.

The total intensity map also displays three small clogsed highs in
the southern portion of the map and two very gentle highs in the northern
parts. These features are almost completely absent on the residual and
second derivative maps. Now, considering the fact that the grid spacing
for making the residual and second derivative maps was one mile, this
would result in the attenuation of anomalies from sources somewhat
smaller than the grid size. It can be concluded that these anomaliles are

related to smaller near-surface rock bodies.
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VII. DEPTH ESTIMATIONS

Estimation of depth of burial for the anomalies was made where
possible. The estimated values are given on the location map (Fig. 1)
and are with respect to sea level,

The depth estimates were made either by the so-called half-width
formula or by the scheme suggested by Peters (1949). In this scheme
a profile is plotted across the anomaly and & tangent is drawn to the
anomaly curve at the point of inflection. A second line with slope
half the siope of the tangent is then constructed. Two tangents are
drawn to the anomaly curve parallel to the second line. The horizontal
distance between these two points of tangencies is related to depth by
a constant multiplying factor C., The value of C ranges between 1.2 and
2.0 depending on the width-to-depth ratio. An intermediate value of
1.6 was selected for depth estimations. Depth estimates were all modi-

fied by model computations.
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VIII. ANALYTICAL STUDIES AND MODEL COMPUTATIONS

The values for "effective magnetic susceptibility contrast,” K,

were computed from the total intensity map using the method described

by Green (1960) and Reford (1964). The formula for susceptibility

contrast given by Green and modified by Reford is:

_ AT
bR =791 - sinll

where AK is the effective susceptibility contrast. AT is the maximum

anomaly, I is the inclination, and T is the effective inducing field.

This formula is applicable when the remanent and induced magnetizations
are in the same direction.

After evaluation of the effective magnetic susceptibility con-

trast model computations were carried out for agssumed two-dimensional

bodies. The formulas used for thege zumputations were either the stan-

dard Z 2 KZ or the formula given by Havs and Scharon (1963).

A computer
program in Algol was written for this latter formula.

Figures 5 to 1l repregent the computed models, The solid lines

are the plot of the observed values and the small crosses represent the

computed points. The AK is the effective magnetic susceptibility con-

trast and in the case of profile DD' it is a ficcitious negative value.
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Total magnetic intensity profile with interpretation
along line AA' in Figure 2.
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Total magnetic intensity profile with interpretation
along line BB' in Figure 2.
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Figure 7. Total magnetic intensity profile with interpretation
along line CC' in Figure 2.
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Figure 8. Total magnetic intensity profile with interpretation
along line DD' in Figure 2.
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PROFILE: EE
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Figure 9. Total magnetic intensity profile with interpretation
along line EE' in Figure 2.
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Figure 10. Total magnetic intensity profile with interpretation
along line FP' in Figure 2.
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Figure 11. Total magnetic intensity profile with interpretation
along line HH' in Figure 2,
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1 IX. CONCLUSIONS AND RECOMMENDATIONS :
: From the interpretations of the magnetic data the fo.lowing con- i
? clusions may be drawu: ;
: a. The existence of ‘a rock body with reverse remanent magnetiza- :

i
g tion, perhaps a volcanic plug, is strongly indicated. ;
: :
3 b. The maximum depth of the basement is about 3700 ft below the |

fill and che average depth to the basement is roughly 2500 ft.
3
2 ¢. It is probable that a normal fault parallel to the general

¢
3 trend of the valley extends along the central parts of the
- gurveved area.

The following are recummernded for future studies:

a. A reconnaissance geological survey for at least the western

parts of the Shoshone Mountainsg and the eastern parts of
] Cesatoya Mountain for correlation purposes across the valley.
3 b. A refraction seismograph survey along at leazt three longi-
: tudinal profiles along the valley and five or six transversc
profiles across the valley for obtaining some definite
information about the possible faults.,
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ABSTRACT

Four reversed seismic refraction profiles were shot west of the

Sand Springs Range in the Fourmile Flat area of west central :evada.

" The Cenozoic rocks in this area, compared to their counterparts north- %
) cast of the Sand Springs Range in southern Dixie Valley, are shallower %
and structurally simpler. 'Velocities ranging from 18,300 to 15,500 z
ft/scc are assumed to represent basement, which lies at a maximum dupth :
! of 3500 ft.

o eadi

The basement deepens to the southwest. In places, the

slope is ne:.rly 13° but flattens touard the south to a maxirum deptir of

£

3000 ft with no detectable tendency to shallow near the Cocoon riountain
front.

Volcanics are possibly indicated by a wedge of 10,600 {t/sec

material in the southeast thinning out in the north where the Lesenent

st Yl i ik

is shallow and its slope miniwial. A 9300 ft/sec layer with & thickness

o 1000 ft overlies the 10,600 ft/sec volcanic wedge and lLasewent; this

) o T bt e

layer is also probably volcanic but may include consolidated Ceno:oic

. sediments. A thin 6700 ft/sec section covers the low velocity volcanics

near the playa and is interpreted as clay and silty material. The total

thickness of the 6700 ft/sec material (assuming no volcanic interbeds)

PR T ST TR TS I

ranges from a2 maximum of 1000 £t nearest the playa to less than 500 ft
under more distant profiles,
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I. INTRODUCTION

Durinz the summer and winter of 1965, four reversed seismic refrac-
tion profiles were shot in the Fourmile Flat area (Fig. 1) of west central
Nevada, This work was undertaken to extend the detailed picture of base-

ment structure and basin fill found in Dixie Valley.

Previous geological and geophysical work in this and surrounding

arcas is discussed by Meister (Part I.) In addition, Part I contains the

field procedure also applicable to this study.

Refraction line F3 was located in an E-W direction transverse to the

probable structural trend; the remaining three profiles were set in a N-S

direction. The length of the 24-geuphone spread was 4600 ft for profiles

F1 and F4 and 4800 ft for profiles F2 and F3. All shots except N3 of pro-

file F2 were within 2 degrees of being on line.
True velocities were determined from the reversed apparent velocities.
If the same velocity was recorded at more than one shot point a normal depth

was computed from the delay time associated with that velocity recorded

nearest the spread. This mitigates the risk associated with the imperative

assumption that the refractor is continuous in attitude between the shot

point and the spread. Depths tc the same refractor from more distant shot

points were calculated as a deviation from this ncrmal depth associated with
a corresponding change in delay time.

The assumption of refractor continuity was obviated in a case where
the shot point involved was the most distant from the spread and near

another shot point which was closer to its respective spread. 1In this case

the interpretation associated with the latter shot point was carried cver

to the former shot point. This effected a continuity of structure among

proximate sections of three precfiles.

A computer program corrected the arrival times for a weathering zone
above the datum specified for

2500 ft/sec was
for profiles F1

h profile. A westhering velocity of

assumed on profiles F2 and F3 and 5700 ft/sec was measured

ar
{ac

and F4 since the latter two profiles were shot during the
winter and gave the understandably higher velocity.
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Location Map. Generalized geology from Vela Uniform
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II. ANALYSIS OF SEISMIC PROFILES

A, Profile Fl

A four-velocity model was chosen for this profile with arrival

times corrected to a 3970-ft datum. The 250-ft thickness of unconsolida-

ted sediments associated with a 5700 ft/sec velocity was determined from

shot points S1 and N1 and assumed to remain uniform under the entire
profile. The normal depth was computed from the intercept time of the

6800 ft/sec velocity segment at Sl. In addition, this velocity ( + 200

ft/sec) was recorded at shot points S2 and N1 with the same interxcept
time, The zero intercept time at shot point N2 is arbitrary, since no

time break could be established.

A normal depth to the lower surface of the 6800 ft/sec material

was established under shot point $2 in addition to that depth associated

with shot point delay times at shot points S3 and S4. Assuming that

there is no unusual difference in intercept time at shot point N2 as com-

pared to shot points S2, S$3, and N3, then the lower surface of the 6800
ft/sec material is also essentially horizontal.

Basement was reversed on shot points N4, N3, and S3, and an even

higher velocity was recorded on S4. A real velocity of 16,600 ft/sec

vwas determined from N4 and S3; the higher 18,800 f£t/sec velocity may have

come from an intrabasement refractor. A normal depth of 33060 ft was

detcrmined under shot point S3 and a corresponding dip of 4,5° between

shot points N4 and S3. The small intercept time recorded at N3 sugges:s
local relief in the basement.

B. Profile F2

Profile F2 strikes N 40° E and is 3500 ft east of profile Fl, &
four velocity model was chosen that differed little from F1 except the

veathering velocity for correction to a 4000 ft datum was dropped to
2500 ft/sec.
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An unreversed 6700 ft/sec velocity from the N1 curve was assumed
to be real and to correspond to horizontal material under the entire

profile with a calculated thickness of 25C ft. The normal depth to this

layer was determined from the intercept time at Sl since no reliable
time break couid be established at shot point NI1.

A 9800 ft/sec apparent velocity derived from N1 was assumed tc¢ be
from the same refractor associated with the 8200 ft/sec apparent velocivi

recorded from shot poinc S1., This would indicate a local dip down to the

north with the thickness of the layer varying similar to profile F1.
DBasement velocities of 13,900 and 14,900 ft/sec recorded at shot
points S1, 82, and S3, indicate a sloping basement down to the south. A
zero time break could not be established for shot points N1 and N2. The
normal depth to basement was calculated at shot point Sl., The rate at
which the basement deepens to the south conforms with the same trend

found for profile Fl; however, the maximum depth is shallower by 1500 ft.

C. Profrile F3

The four velocity model chosen for this transverse profile differs
markedly from profiles F1 and F2 by the presence of a 10,700 ft/sec

velocity also found on profile F4. This unreversed velocity was derived

from shot point E2 and was assumed to be a true velocity because a 10,500
ft/sec velocity was recorded from reversed shot points M3 and S3 of
profile F4. A normal depth of 1000 ft was determined from the intercept
time at shot point E2.

The two high apparent velocities of 13,100 and 13,900 ft/:ec
recorded from shot points E3 and E4 respectively were assumed to be down
dip veloc:ities of the bascment. A basement velocity of 16,000 £t/sec was
derived by averaging the reversed basement velocities from profiles Fl
and F2, A normal depth of 850 ft under E3 with a 13° dip to the west was
then determined. The general magnitude and direction of the basement
slope is corroborated from previous work (Gimlett, 1965)., The basement

depth correspruds to the saue depth ( + 50 ft) of the 10,700 ft material
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v determined from shot point El. A shallower depth to basement under
shot point E4 was computed from the shot point delay time associated

with shot points E3 and E4. The interpretation is simply that the

. 10,700 ft/sec material represents a wedge of volcanics whose lower sur-

face rests on sloping basement.

The 8€00 and 7200 ft/sec velocities determined from shot points

L e

W1l and El respectively were considered as the apparent velocities
asgociated with a westerly dipping 8000 ft/sec velocity refractour,

This 900-ft thick layer was assumed to cap the entire profile. This
material was interpreted to be a heterogeneous 1layer correlating with
the combination of the 6700 and 9000 ft/sec material on profile F2 and
the 6800 and 5300 ft/sec material under profile Fl. If this correla-
tion i3 valid, then possibly a wedge of volcanics might also be present
starting under 83 of profile Fl and thickening as the basement deepens

to the south, This supposition is supported by information from profile
F4,

D. Profile F4

A five-velocity modél was used to describe the material beneath &
4100-ft datum of profile F4. This is the only profile containing all
velocities encountered in the survey. All velocities were reversed cxcept
the basement on the south side of the spread.

The small differer:e in reversed apparent velocities indicated

' insignificant southerly dips of all layers. Even the 14,900 ft/sec unre-

versed velocity, if considered to be basement, must, from similar and

reversed velocities found on ' ofiles F1 and F2, also dip less than 3° to
v the south. An average of the true basement velocities under profiles Fl
and F2 was assumed to apply as a true basement velocity of 16,000 ft/sec

under profile F4.

et m»>!r‘»,w,a Ko Pt TS G SRS N R
-

Shot points N3 and N4 are flanked by the southern shot points of
profiles Fl1 and F2, both of which indicate a south-sloping basement.
Since shot points N3 and N&4 of this profile lie close to shot points S4
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and S3 respectively of profile F2, there must be reasonable continuity
of information between them, Therefore, the apparent horizonkality of
all refractors beneath the entire length of profile F4 could not hold.
The assumption of continuity of the refractor surface between the spread
and the twe most distant shot points was obviated., The normal depth
that would have been calculated under shot point N3 was assumed to apply
only under the center of the spread. 1In addition, the interpretaticn of
horizons deneath shot points S4 and S3 was carried over to N3 and N4,
The horizoatality, depth and thickness of the 8900 ft/sec layer calcu-
lated under orofile F4 pexsists if the 9000 ft/scc material carried over
from S3 is iwleed the same,

Thus, t 2re is no significant change in depth, thickness, or atti-
tude of the sediments and lower velocity volcanics capping this profile
due to this transfer. IHowever, the basement shallows to the same depth
as the higher velocity volcanics under the spread. The wedge shape of
the volcanics lying on the basement determined under profile ¥F3 now

appears under profile F4 which strikes 80° to profile F3,
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I1IT. CONCLUSIONS

A synthesis of the various two-dimensional models into a three-

dimensional interpretation appears cogent within the constraints
imposed by each model.

Depths to refractors at points of intersection and adjacent por-

tions of different profiles are in reasonable agreement. The errors in

common depth points to basement associated with profiles Fl1 and F3 as
well as F& and F3 are in the same direction and could be reduced if the
extrapolated slope calculated at shot point E2 for profile F3 were to
steepen in the last few hundred feet under the spread., This cannot and
would not be detected on the arrival time curve, It should also be
recalled that the high velocity found on shot point $4 was considered to

conme from an intrabasement refractor. Consequently, the depth must be

shallower than indicated. There are other possible ways to reduce the
depth at F1S4 by 500 ft, but the major uncertainty is the real trend of
the basement slope under the western one-third of the spread of profile
F3. This is a consequence of not having reversed the basement on that
side and consequently being forced to extrapolate a slope.

Within this mis-tie range of common depth to basement, it appears
that the 16,000 ft/sec basement under the north to eastern parts of the

survey is shallou and deepens gradually to the southwest. The most

westerly surveyed area shous no tendency for the basement to become shal-
louver than the 3500-ft depth indicated there.

A wedge of 10,500 ft/sec volcanics resting on the steeper and
deeper parts of the basement under the south and east profiles appears
to be the northern extension of the surface exposures prevalent in the
Cocoon ountains and as isolated small areal exposures to the southeast.
tieister (Part 1) correlates a seismic velocity boundary below which the
velocity increases to an average of 10,000 ft/sec to similar velocities
measured in rhyolitic tuffs and flows at VWhite Rock Canyon and 2t Mud
Springs in Dixie Valley.

LY

He reports that this boundary is characteristic
of the entire Dixie Valley region and represents & di«tinct stratigraphic
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horizon within the valley fill,

If this characteristic is applicable
in Fourmile F1

at area then the 9000 ft/sec layer capping the entire

Survey may also be volcanic. Volcanics (Fig. 1) in the Fourmile Flat

area have been mapped collectively as slivine basalt

» andesite, rhyolite,
dacite and tuff,

The 6700 ft/sec layer absent only on t.e east-west profile may

correspond to the clays and silty materizl common in the lower parts
of closed basins.

The total thickness of low velocity sediments (assuming that no

volcanics are interbedded with material 6800 ft/sec and less) ranges

from a maximum thickness of 1000 ft nearest the playa to less than 500 ft
on more distant profiles.
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EXPLANATION

— Crest of pluvial lake beach ridge
—— Crest of highest pluvial lake beach ridge

s taken from

+ Beach ridge elevation. Elevations in parenthes
£
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3

Fault scarplet within alluvium or at the bedrock-alluvium contact. Hachures
on the downthruwn side

Fault scarplet within alluvium; scarplet removed from original position by
v’? spdring sapping and slumping. Springs (diagrammatic) on the downthrown
side

" 7-\<:w:)rqnay‘. 5

1 -+ Scarplet of probable fault origin within alluvium or at the bedrock-
] alluvium contact. Hachures ar the downthrown side

T

Fault within alluvium with no topographic expression at the limits of
" stereoscopic resolution. Determined by tonal, textural and vegetation lin-
’ eaments

T

Probable fault within alluvium with no topographic expression at the
o P

limits of stereographic resolution. Determined by tonal, textural and
vegetation lineaments

\

Lus2890308
o9
o

Prcbable fault at the bedrock-alluvium contact. No scarplet present

ooseeererr  Narrow lineament of unknown origin
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//////////”' Broad lineament of unknown origin

p—

— Generalized bedrock-alluvium contact. Dashed where alluvium becomes
3 A thin and discontinuous
. ———="" Generalized outer limits of fans. Short dashed where gradational
3
]
=" Limits of stereo coverage
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